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A CASE STUDY ON A DIVERSE COLLEGE ALGEBRA CLASSROOM: 
ANALYZING PEDAGOGICAL STRATEGIES TO ENHANCE STUDENTS’ 
MATHEMATICS SELF-EFFICACY  
 
Chapter One: Introduction 
 
“Effective teaching requires knowing and understanding mathematics, students as 
learners, and… a variety of pedagogical strategies” (NCTM, 2000, p. 17). 
 
Problem Statement 
Research indicates that an alarming number of diverse
1 students struggle to 
meet learning outcomes in mathematics (National Center for Education Statistics, 
2009; Trends in International Mathematics and Science Study [TIMSS], 2007).  This 
is a critical issue because according to the U.S. Census (2011), the racial and ethnic 
population of the U.S. continues to expand rapidly.  The Census points out that while 
the non-Hispanic white population remains the largest group in the U.S., it is also 
growing at the slowest rate.  Conversely, minority groups such as the Hispanic, Asian, 
Black or African American, Native Hawaiian and other Pacific Islander, and American 
Indian populations have all considerably increased.  While the nation’s racial and 
ethnic population continues to enlarge, many diverse students continue to struggle in 
mathematics (Huang, 2000), and either elect not to major in, or fail to complete 
degrees in Science, Technology, Engineering, or Mathematics (STEM) disciplines.   
                                                 
1 The National Council for Accreditation of Teacher Education [NCATE] (2008) 
defines diversity as “differences among groups of people and individuals based on 
ethnicity, race, socioeconomic status, gender, exceptionalities, language, religion, 
sexual orientation, and geographical area.”     2 
The number of diverse graduates in STEM fields is decreasing, which is a 
treacherous predicament that must be attended to in order to maintain the global 
competitiveness of America.  To rectify this dilemma, in April 2012 the U.S. 
Department of Education awarded grants worth more than $3.1 million to 
predominantly minority institutions in order to support STEM education, principally 
to increase the participation of diverse
2 students.  U.S. Secretary of Education Arne 
Duncan stated, “These grants will help support the expansion of America’s scientific 
and technological capacity to build global competitiveness by increasing minority 
graduates in the STEM fields of science, technology, engineering and mathematics” 
(U.S. Department of Education, 2012).   
To promote recruitment and advance retention of diverse students in STEM, 
these grants were used to fund numerous programs nationwide, including Bridge 
programs, Louis Stokes Alliances for Minority Participation (LSAMP) programs, and 
College Assistance Migrant Programs (CAMP).  These programs address four major 
factors that lead to diverse students’ attrition from STEM: 1) Students’ mathematics 
competency and aptitude, 2) Motivation and connection of STEM to students’ 
personal interests, 3) Students’ perception of the work of a STEM professional, and 4) 
Lack of representation or acts of discrimination on their own cultural groups. 
Mathematics ranks highly among the competencies at the heart of diverse 
students persisting in STEM-related fields.  Students who are interested in science or 
engineering often change majors following subpar performance in introductory 
                                                 
2 Diverse students include students of color, low-income, older-than-average (25+), 
veterans, students who have been rurally isolated, or 1st generation in college.   3 
“gateway” mathematics courses.  Others estimate the importance of mathematical 
logic and steer clear of STEM, making the migration rate into STEM majors dismal 
compared to non-STEM options at 4-year institutions.  While many courses play 
crucial roles in facilitating students toward earning a college degree, research (Moreno 
& Muller, 1999) shows that mathematics is the single most indispensable subject 
affecting decision making when students select a major.  Students with low confidence 
in their mathematical abilities often struggle in applied mathematics dependent STEM 
coursework where mathematics is used to abstract natural phenomena and describe 
scientific principles.  Further, without mathematical reasoning ability, students are 
unable to relate course topics to their everyday lives and interests.  In this way 
mathematics competency interacts with other factors leading to attrition, as such 
inquiry is necessary to maintain motivation and align students’ personal interests to 
STEM fields.  For example, a student who is able to recognize that numerical 
modeling can be used to study health disparities in their cultural community is more 
likely to remain engaged in order to fulfill preexisting altruistic goals. 
Reasons for diverse students’ lack of competency are not solely associated 
with aptitude.  External factors that can be categorized as “quality of education” 
prevent students from acquiring the technical and reasoning skills necessary to be 
considered among the prepared category of entering college freshman.  For example, 
low-income families are often obliged to use public education in areas where 
government funds are dependent on the surrounding low-income community, thereby 
leading to severely underfunded schools.  Many culturally diverse students come from   4 
these low-socioeconomic status (SES) backgrounds where exposure to competency 
building experiences is minimal, replaced by survival-focused activities in 
disorganized formal schooling.  Fenwick (1996) reported that students from low-SES 
backgrounds in the U.S. “are more likely to be taught by inexperienced teachers” (p. 
4).  Additionally, Oakes (1995) claimed that students of culturally diverse 
backgrounds are underrepresented in upper level classes and overrepresented in lower 
level classes, and that the high schools of these students have a history of putting their 
least qualified teachers with the lower level classes, where the expectations of these 
students are low.  This challenge adversely impacts student learning and diminishes 
knowledge growth and development.   
The achievement gap in mathematics for diverse students begins in K-12 but 
has ripple effects experienced throughout secondary education (Bettinger & Long, 
2006).  Although mathematics educators (Boaler & Staples, 2008; Gutierrez, 1996; 
Gutstein, 2003; Ladson-Billings, 1994; Moses & Cobb, 2001; Tharp & Gallimore, 
1988) have conducted extensive research on this issue at the K-12 level, significantly 
less has been completed at the college level.  Thousands of high school graduates enter 
college mathematically underprepared (Bettinger & Long, 2006), lacking the 
confidence they need to succeed.  Understanding college student development is 
necessary for implementing effective scaffolding at all levels of education.  I seek to   5 
contribute by examining mechanisms for increasing mathematics self-efficacy
3 of 
diverse college students. 
  Research studies have demonstrated that students with high self-efficacy score 
higher academically than those with low self-efficacy (Hall & Ponton, 2002; Multon, 
Brown, & Lent, 1991).  Hackett and Betz (1989) assert that even when variables such 
as mathematics aptitude, gender, and anxiety are controlled, mathematics self-efficacy 
beliefs are predictive of students’ choice of major and academic performance.  Hall 
and Ponton (2005) examined 185 freshmen students enrolled either in a developmental 
mathematics course or a Calculus course at a four-year college institution.  The 
authors discovered that when students distinctively acquired higher mathematics self-
efficacy in either class, then their classroom performance increased.  I take the 
perspective that building high self-efficacy will benefit students not only in the short-
term (i.e. passing classes), but have significant long-term impacts as well.  For 
instance, diverse students with higher levels of self-efficacy are more likely to persist 
to graduate in STEM-related fields, which could ultimately lead to diversifying STEM 
disciplines.  To advance diversity in STEM, teachers play an instrumental role in 
implementing effective pedagogical strategies and establishing a supportive learning 
environment.   
Over the years, teachers have implemented various pedagogical methods in 
mathematics classrooms to heighten student learning and enhance self-efficacy.  
                                                 
3 A more refined definition of self-efficacy will be provided later.  For now, self-
efficacy should be understood as a person’s confidence in accomplishing a given task 
(Bandura, 1997).    6 
Commonly employed pedagogies include variations on traditional instruction
4 or 
independent learning.  Through traditional instruction, students can increase their 
confidence levels by solving problems without aid.  In contrast, cooperative learning
5 
or peer interaction in groups has since emerged as one of the prominent methods in 
developing learning and confidence (Forman, 1989; Webb, 1982).  The NCTM (1991) 
asserted, “Whether working in small or large groups, [students] should be the audience 
for one another’s comments – that is, they should speak to one another, aiming to 
convince or to question peers” (p. 45).  Peer interaction provides students 
opportunities to collaborate with classmates, explain solution methods, and construct 
knowledge while participating in a community of practice (Lave & Wenger, 1991).  A 
community of practice is a group of people with shared interests where the group 
members develop their status and knowledge by interacting with their peers (Wenger, 
1998).  Setting up a symbiotic relationship such as this in the classroom affords 
students the opportunity to develop the self-efficacy necessary to engage in future 
STEM communities of practice, thereby leading to a snowball effect of personal and 
professional growth and ultimately persist in STEM. 
This dissertation will analyze diverse student learning in two different 
classroom contexts: traditional instruction and cooperative learning.  In the traditional 
context, teachers exclusively lecture while students learn independently with little or 
                                                 
4 Traditional instruction refers to students learning mathematical concepts 
independently through teacher lectures or individual work. 
5 Cooperative learning, also known as collaborative learning, will be defined as “small 
groups of learners working together as a team to solve a problem, complete a task, or 
accomplish a common goal” (Artz & Newman, 1990, p. 448).   7 
no interaction with fellow peers.  In the collaborative context, students work together 
in groups while freely participating and interacting with one another to discuss and 
examine problems.  My investigation will explore students learning mathematics 
through traditional instruction and cooperative learning, and specifically analyze how 
students increase their self-efficacy in the classroom.   
 
Context of Study 
  To research diverse students learning mathematics, my study took place in a 
College Algebra course at a medium sized public university in the Pacific Northwest.  
The course selected was College Algebra because it is an essential mathematics class 
that is either the terminal mathematics class for many non-STEM majors or an 
imperative prerequisite for future STEM-related courses.  Furthermore, College 
Algebra is infamously the most failed class at this particular campus, as well as, in the 
entire state, and each year out of approximately one million College Algebra students 
nationwide, about 50% of the students fail to pass with a grade of C or better (Gordon, 
2008).  Improvement in student performance in College Algebra is necessary so 
students can continue to progress toward graduation.  To stress the importance of 
mathematics, studies (Hagedorn, Siadat, Fogel, Nora, & Pascarella, 1999; Moreno & 
Muller, 1999) show that mathematics is the paramount subject to students deciding on 
college majors and ultimately graduating.   
This particular College Algebra course was chosen because the university’s 
Educational Opportunities Program (EOP) offers it.  The EOP is a program   8 
specifically created to support diverse students in acclimating personally, socially, and 
academically to the college lifestyle.  According to the EOP website, the program 
provides support to “students of color, students with disabilities, students who are 
single parents, low-income students, students who have been rurally isolated, veterans, 
older-than-average (25+), or 1st generation in college” (“Educational Opportunities 
Program,” 2012a).  In this study, I investigated a diverse classroom, which included 
older-than-average, veteran, single parent, ethnic and racial minority, rurally isolated, 
and international students.  The teacher of the class has been instructing college level 
mathematics for 13 years, regularly employs a variety of pedagogical strategies, and 
consistently receives exceptional teacher evaluations.  As discussed more thoroughly 
in Chapter Three, this particular College Algebra course with diverse students and 
experienced teacher made an ideal milieu for my study.  
 
Purpose 
My study will focus on a College Algebra course comprised of diverse 
students.  Because this is a case study and not generalizable, the aim is that the 
research findings will serve as a classroom model to facilitate students in succeeding 
in mathematics.  The goals of this study are to:   
1)  Juxtapose mathematics learning from the perspectives of diverse students in 
two contexts: traditional instruction and cooperative learning.   
2)  Analyze student discourse and examine the role discourse plays in students 
cultivating their mathematics skills.   9 
3)  Investigate how students can increase their mathematics self-efficacy through 
various pedagogical strategies. 
 
Conceptual Framework 
  I have framed this research study using a sociocultural theoretical perspective.  
Operating under that perspective, I am able to reinforce the idea that learning is a co-
constructed process that occurs and is influenced by multiple contexts (Geertz, 1973; 
Vygotsky, 1978), such as social, cultural, and physical.  As articulated more 
thoroughly in the methodology section, a sociocultural theoretical perspective has 
crucial implications for informing the study design, type of data to be collected, and 
how the data are analyzed.  For example, to capture the multiple contexts of students 
learning mathematics, it behooved me to collect data on how students perceived their 
learning in different settings (traditional vs. cooperative).  Therefore, I meticulously 
analyzed group interaction and discourse as students worked to solve mathematical 
problem sets.  
  Sociocultural theory emphasizes learning and development in socially and 
culturally shaped situations, where the classroom reinforces a culture of discussing 
problems with group members, making meanings, and evaluating results.  In 
collaborating with classmates, students interact with each other, the teacher, 
mathematical activities, and classroom tools within the social context of the 
classroom.  These interactions are established by social expectations and classroom 
norms.  A critical constituent of a sociocultural perspective is that learning is mediated   10 
through language (verbal and non-verbal) and cultural tools.  For instance, a graphing 
calculator facilitates learning where students can develop higher mental reasoning 
beyond their existing capabilities and improve their mathematical performance (Goos, 
Galbraith, Renshaw, & Geiger, 2000).   
A sociocultural perspective has proven to be a constructive lens through which 
to view students learning and discussing mathematics because it accentuates socially 
and culturally shaped contexts (Boaler & Staples, 2008; Lubienski, 2002; 
Moschkovich, 2002).  Because I am interested in examining the role pedagogical 
strategies, discourse, and student interaction play in the classroom, sociocultural 
theory is an ideal perspective and the “best fit” to undergird my study.  In Chapter 
Two, I describe in greater detail sociocultural theory as it is used to frame my study.  
 
Significance of Study 
Out of the students entering college interested in pursuing a STEM degree, 
only 38% have graduated in a STEM discipline within six years of enrollment (Center 
for Institutional Data Exchange and Analysis, 2000).  There are many causes of this 
including lack of science and mathematics competency.  Considering preparation as a 
major cause, it is vital to address competency in the first year of college.  Given such 
time constraints teaching methods must be optimized because students often take 
STEM courses concurrently.  Keeping in mind that the overarching goal is to diversify 
STEM fields, the challenge is to find methods to efficiently counter the achievement   11 
gap created during K-12 in a short amount of time while simultaneously attending to 
the other causes of attrition.  
One approach to increase student academic performance is to elevate students’ 
self-efficacy (Hall & Ponton, 2005; Pajares & Graham, 1999).  Self-efficacy describes 
the level of proficiency in a subject coupled with the confidence to apply said 
proficiency to a variety of situations.  It involves acquiring knowledge and 
assimilating it such that it is available for use in future problem solving and meaning 
making.  There is an element of personalization implied in that students must exercise 
self-initiative to move beyond mere memorization of facts to incorporation of the 
knowledge into their way of thinking.  Enhancing self-efficacy has proven to be a 
difficult task, as many students attribute poor scores not to themselves, but to factors 
they are unable to control, such as instructors, instructional style, and the time and day 
the class is held.  Absent in this assessment of academic performance are significant 
items associated with self-responsibility.  While external factors do come into play, 
internal factors, such as student motivation and attitudes toward mathematics are also 
relevant to the deeper learning tied to self-efficacy (Higbee & Thomas, 1999).   
To date there is little research detailing how to increase college student 
mathematics self-efficacy.  This study will specifically examine how students increase 
their mathematics self-efficacy by negotiating their learning in response to shifting 
pedagogies.  Students are challenged to consider both internal and external factors by 
completing journal reflections, surveys, and participating in interviews.  Ultimately I 
wish to investigate the assertion that increasing student self-efficacy plays   12 
monumental roles in helping students learn mathematics proficiently and quickly.  In 
doing so, diverse students can potentially score higher academically in mathematics 
and become more competitive with their peers in STEM-related fields.   
 
Research Questions 
This study explores the following research questions: 
1)  What do individual students perceive to be the benefits and challenges of 
traditional and collaborative pedagogies, particularly with respect to enhancing 
their mathematics self-efficacy?  
2)  What evidence exists indicating the role of discourse in improving diverse 
students’ abilities to learn and do mathematics? 
3)  What are the implications of addressing diverse student perspectives when 
implementing either pedagogy? 
 
   13 
CHAPTER TWO: LITERATURE REVIEW 
 
This review is organized into four main bodies of literature: 1) pedagogical 
strategies, 2) discourse, 3) sociocultural theory, and 4) self-efficacy.  The first section 
of the review includes an overview of teaching and learning mathematics in a diverse 
classroom.  I discuss existing research on the pedagogical strategies (traditional and 
collaborative) that will be analyzed in the study.  In the second section, I describe 
discourse and the implications of its application in the classroom.  Additionally, I 
analyze empirical studies on discourse and discuss the role discourse plays in students 
learning mathematics.  The third section focuses on sociocultural theory as the major 
theoretical perspective that framed my study.  This section also explores the portion of 
mathematics education literature that uses a sociocultural lens to examine issues 
related to teaching and learning mathematics, especially for diverse students.  In the 
fourth section, I describe self-efficacy, review studies on the connection between 
learning and self-efficacy, and describe how self-efficacy aligns with my study.  These 
four bodies of literature provide a theoretical and historical context for my 
dissertation.  I conclude this chapter with a summary of the research findings relevant 
to my study. 
 
Pedagogical Strategies 
Until the early 1980s, traditional instruction was the predominant pedagogy of 
mathematics education in the U.S.  From the 1980s to the 1990s, the mathematics   14 
reform movement occurred launching a shift of the prevalent pedagogy from 
traditional instruction to collaborative learning.  In this section, I first discuss 
traditional instruction, next delineate the reform movement, and finally, focus on the 
current state of mathematics education.   
Throughout America, in the early-to-mid 20
th century, traditional instruction 
was ubiquitous in mathematics classrooms.  Smith (1996) described the traditional 
teacher’s role as providing “clear, step-by-step demonstrations of each procedure, 
restate steps in response to student questions, provide adequate opportunities for 
students to practice the procedures, and offer specific corrective support when 
necessary” (pp. 390–391).  Traditional learning practices consisted of teachers 
exclusively lecturing while students worked independently.  Infrequent interaction 
among students occurred when teachers responded to students’ questions prompting a 
whole class discussion.  More often than not, students worked independently while 
listening to teachers’ lecture-based instruction.  Although traditional instruction was 
the prevalent pedagogy for years, many educators believed students could learn more 
through discussing and doing, rather than just listening.  
In the late 1980s, the NCTM published the Curriculum and Evaluation 
Standards, which promoted cooperative learning.  The NCTM (1989) emphasized five 
goals for all students: (1) that they learn to value mathematics, (2) that they become 
confident in their ability to do mathematics, (3) that they become mathematical 
problem solvers, (4) that they learn to communicate mathematically, and (5) that they 
learn to reason mathematically (p. 5).  The NCTM recommended teachers to not just   15 
use traditional teaching practices, but also to branch out and encourage students to 
collaborate with classmates to reason, analyze, and justify solution methods.  
From this NCTM publication emerged controversies on mathematics teaching 
in what has become known as the Math Wars (Schoenfeld, 2004).  The phenomenon 
of the Math Wars involved two groups of people: traditionalists and reformers.  
Traditionalists fought for mathematics to be taught the way it had been historically 
taught in a lecture format.  Traditionalists worried that curricula from the reformers 
were shallow and not up to par with conventional mathematical standards.  On the 
other hand, reformers argued for an improved curriculum in order to redefine 
mathematics and to better equip students with abilities to solve real-world problems.  
Reformers encouraged students to not just “know” mathematics, but also recognize 
and be able to “use” mathematics in their daily lives (Cobb, Perlwitz, & Underwood-
Gregg, 1998). 
Reformers have criticized traditional instruction for relying on rote 
memorization and educating students only on how to follow teachers’ directions, 
rather than to think critically and understand conceptually.  In 2000, the NCTM 
published the Principles and Standards, which continued to revolutionize the 
mathematics reform movement, challenging teachers to instruct more than just 
properties, facts, and drill-and-kill.  The NCTM Standards pushed for teachers to assist 
and instruct students in learning meaningful, useful, and conceptual mathematical 
knowledge (NCTM, 2000).     16 
Reform mathematics has brought an influx of innovative pedagogical 
strategies.  The current trend is to have students work collaboratively with classmates 
to do mathematics and build conceptual understanding.  Cooperative learning is a 
pedagogy that has emerged from this trend and produced successful learning 
outcomes.  According to Slavin (1996), because of high academic achievement, 
“cooperative learning is one of the greatest success stories in the history of educational 
research” (p. 43).  In cooperative learning, students break up into small groups so that 
every member can participate in a clearly assigned task.  Contrary to popular belief 
and to be unequivocally clear, cooperative learning is different from traditional group 
work.  In traditional group work, some students have had unpleasant experiences, such 
as one team member doing the majority of the work while other members who did not 
contribute as much receive the same grade.  Or another example is one of dominant 
students taking over the project with an insatiable desire to obtain an A, while 
smothering their group members’ efforts to participate.  Johnson, Johnson, and Smith 
(1998) stated that the following five components differentiate cooperative learning 
from traditional group work:  
1) Positive interdependence – Group camaraderie and cohesiveness is 
necessary.  Team members must work together to accomplish the goal.  
2) Individual accountability – All team members are held accountable to 
contribute their share of the work.  
3) Face-to-face promotive interaction – While some group work may be done 
individually, some must also be performed interactively with members   17 
providing feedback, answering questions, justifying reasoning, and teaching 
and supporting each other.  
4) Collaborative skills - A mutual feeling must exist where every group 
member communicates, trusts, and respects each other. 
5) Group processing – Group members set shared goals, periodically plan how 
they are performing as a team, and reflect on improvements they can do to 
become more effective. 
Artz and Newman (1990) defined cooperative learning as “small groups of 
learners working together as a team to solve a problem, complete a task, or accomplish 
a common goal” (p. 448).  To be successful, students must be willing to participate 
with their classmates in discussing and solving problems.  The teacher also plays a 
crucial role in creating a comfortable learning environment, developing rich 
mathematical problems, and supporting students by not telling them answers, but 
encouraging them and pointing them in the right direction.  
  Numerous studies have indicated positive impacts of cooperative learning.  
Springer, Stanne, and Donovan (1997) examined undergraduate students majoring in 
STEM courses and discovered that cooperative learning produced higher academic 
performance, more positive attitudes toward school, and increased persistence in 
STEM majors.  Jolliffe (2005) investigated the implementation of cooperative learning 
in culturally and socioeconomically diverse primary and secondary schools in 
England.  Jolliffe determined that through regularly interacting and discussing   18 
mathematics with classmates, students increased their (a) academic achievement, and 
(b) development of social skills. 
Jo Boaler (2008; 2003) and her colleagues investigated the practices of 
Railside School, where approximately 700 student participants of this longitudinal, 
five-year study were disseminated in three California high schools: Railside, 
Greendale, and Hilltop.  While these schools were similar in size with committed and 
knowledgeable mathematics teachers, there were significant differences in their 
locations and student demographics.  Railside was an urban high school with a diverse 
student population (40% Latino/a, 20% African American, 20% White, and 20% 
Asian and Pacific Islanders).  Greendale was located in a coastal community with a 
primarily White student body (90% White and 10% Latino/a).  Hilltop was a rural 
high school mostly comprised of White (60%) and Latino/a (40%) students.  Also, 
compared to the other two high schools, Railside had more English Language 
Learners, more students eligible for free/reduced lunch, and the smallest percentage of 
college graduate parents. 
Boaler and research group discovered that through collaborative learning, 
Railside students experienced incredible academic improvement and success.  
Compared to Greendale and Hilltop, at Railside, students achieved at a higher level, 
enjoyed mathematics more, and eventually took higher-level mathematics courses.  
Furthermore, the achievement gaps between different ethnic groups that were starkly 
present on incoming assessments were reduced in all cases by the end of the second 
year, and in some cases disappeared completely (Boaler & Staples, 2008).  In this   19 
study, the researchers found that collaborative learning helped construct a classroom 
culture conducive to learning through students discussing mathematics together, 
valuing each other’s ideas, and respecting one another as people.   
Railside teachers played critical roles in orchestrating and maintaining a 
constructive classroom environment by encouraging students to participate and 
collaborate with one another.  To promote mathematical discussion, teachers asked 
students to explain and support reasoning to every problem.  The researchers 
discovered that reasoning and justification augmented the learning of all students, 
where “the practice of justification made space for mathematical discussions that 
might not otherwise be afforded” (Boaler & Staples, 2008, p. 631).   
In my study, I plan to examine diverse student learning in a College Algebra 
course using two different pedagogies: traditional instruction and cooperative learning.  
In the traditional setting, I will analyze the effect of teachers exclusively lecturing on 
students learning mathematics independently.  In the collaborative setting, I will 
explore the effect of students working in groups interacting with peers to discuss rich, 
contextual mathematical problems.  The extent of student interaction and discourse is 
the major difference between the two learning contexts.  Therefore, I will contribute to 
the current literature by investigating the role discourse plays on student learning and 
enhancing self-efficacy in a diverse college classroom.  In the next section, I will 
review the literature on discourse.   
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Discourse  
While “discourse” takes on various meanings depending on the field of study, I 
present two descriptions closely related to my study.  First, Foucault (1972) explained 
discourse as a representation of language (what one says and/or writes) and practice 
(what one does).  Foucault discussed discourse through a social justice perspective, 
demonstrating that discourse is used to maintain a power structure in society.  
Although my study differs from the social justice perspective Foucault used, I have 
highlighted Foucault’s research because it aligns with my study (i.e. the language and 
practice of students in the classroom).  My study will examine how students “talk 
math” and reason through problems while interacting with their classmates.  
Furthermore, I will analyze the actions or “practice” of students working together 
during cooperative learning, as well as working independently during traditional 
instruction.   
Second, Gee (1999) dichotomized discourse as little d discourse and big D 
Discourse.  Gee described little d discourse as language-in-use (words said, read, or 
written) in specific situations.  Whereas, big D Discourse refers to a combination of 
words that represent a certain type of person (e.g. a Doctor or patient).  Emanating 
from Gee’s description, my study will focus on both little d discourse and big D 
Discourse.  Little d discourse focuses on the mathematical discussion and 
collaboration among students.  Big D Discourse concentrates specifically on the 
student and teacher, and how each character plays a role in interacting and learning.   21 
While both Foucault’s and Gee’s definitions tie into my work, there remain 
slight differences: Foucault focuses on a social justice perspective and Gee emphasizes 
representing a certain type of person through a combination of words.  For my study, I 
define discourse as the verbal and non-verbal interaction among students within peer 
groups, as well as between student and teacher in the classroom to discuss problems 
through language and practice.  Language includes spoken and written, while practice 
includes methods used and work produced.  Types of language expressed in the 
classroom include mathematical (e.g. “numerator”) and colloquial (e.g. “up top”).  I 
plan to explore how students collaborate and discuss mathematics, and then how they 
use discourse to interpret problems.   
Student discourse will be more prevalent in cooperative learning than 
traditional instruction because students will be working together and discussing 
problems with each other.  While there are many proponents of student participation in 
groups, a few critics have claimed that higher achieving students are held back when 
working with lower achieving classmates.  These critics allege that higher achieving 
students are not getting pushed to learn more when working with lower achieving 
peers, and in fact, are at an educational stalemate.  I argue that higher achieving 
students learn more when working with lower achieving classmates because they are 
doing more than just solving problems; they are also teaching their peers how to solve 
problems.  Boaler and Staples (2008) asserted that higher achieving students gained 
more mathematical insight and “developed deeper understanding from the act of 
explaining work to others” (p. 621).     22 
The benefits of student discourse do not end there – benefits extend to also 
include professional, personal, and academic development.  I propose that discourse 
plays an integral role in promoting student learning.  De Fina (2011) pointed out that 
individuals progress through discourse because it enriches cognitive growth and social 
development.  Additionally, in Yackel, Cobb, and Wood’s (1991) study on a 
cooperative learning environment, they stressed that the discourse elicited from the 
small-group classroom context encouraged and promoted students to work together to 
build knowledge.  This finding supports Rowe and Bicknell’s (2004) work on students 
participating in a collaborative learning training program, where group work helped 
raise the level of cognitive talk among students that would not have been reached 
without group interaction. 
Discourse allows students to cultivate their mathematical thinking and 
analyzing skills by collaborating with one another to discuss rich mathematical 
problems.  For students to engage in lively discussions, teachers have the critical task 
of creating meaningful, worthwhile, and rich problems.  I define a rich mathematical 
problem as a thought-provoking problem that drives students to exercise deep 
mathematical analysis.  Simply put, the problem should be challenging, yet attainable.  
The purpose of rich tasks is to encourage all students to critically examine 
mathematics, actively participate, and productively engage in solving problems.   
Although finding or creating rich problems may be difficult and time-
consuming (Hsu, Kysh, & Resek, 2007), Borko and colleagues (2000) emphasized, 
“One of the teacher’s primary responsibilities is to select and develop worthwhile   23 
tasks—tasks that are rich with mathematical possibility and opportunity” (p. 197).  
Presenting students with rich problems will challenge them to make sense of 
problems, while also encouraging them to persevere in solving them.  While 
deciphering tasks, teachers should offer productive reinforcement to students and 
ensure that students also receive positive encouragement from peers.  This supportive 
classroom environment will encourage students to persevere in finding solutions, and 
improve their overall problem-solving skills.  Through solving rich problems, student 
discourse can be enhanced and play an imperative role in facilitating learning, not just 
in the mathematics classroom, but also in other STEM-related coursework.  
While microscopic discourse occurs during a conversation in peer-to-peer 
interaction, macroscopic discourse simultaneously occurs within the entire classroom 
setting.  The overall context in which the various instances of discourse take place can 
create a classroom culture.   I define classroom culture as a supportive environment 
conducive to optimizing students’ mathematical knowledge acquisition.  Peer-to-peer 
interactions can help create a fluid social network and support system, which can lead 
to a comfortable learner friendly classroom culture.   
The teacher plays a critical role in orchestrating and maintaining a constructive 
environment supportive of student learning.  The teacher can ask students to further 
justify reasoning to group members, or to explain answers to an entirely different 
group of students.  The interaction of the teacher is instrumental in organizing these 
small sets or groups of discourse and creating a comprehensive classroom culture.  A 
positive classroom culture is crucial to establish in order to support student learning   24 
and development.  Lave and Wenger (1991) asserted that student learning is situated; 
learning is embedded within the activity and context where it normally takes place.  
Knowledge is best presented in authentic contexts such as social interaction and 
collaboration; specifically, what Lave and Wenger have coined a community of 
practice.  According to Lave and Wenger, a community of practice is a group of 
people with common interests sharing experiences and knowledge with each other to 
learn and grow personally and professionally (Wenger, 1998).   
The individual group member (student) and the community of practice 
(classroom or group) are interconnected.  The individual evolves as a result of 
participating in the community, and the community evolves as a result of the 
individual’s participation.  This intricate intertwinement relates to a mathematics 
classroom where individual student learning can thrive participating with fellow 
classmates, and concomitantly the entire group can thrive through the individual 
student’s participation.  The community of practice can serve as a tool to show that 
College Algebra prepares students for future interactions (i.e. students develop self-
efficacy necessary to operate in other communities of practice).   
Although classroom culture is similar in some aspects to a community of 
practice (Lave & Wenger, 1991), overall it is a separate concept in that it is void of the 
typical trappings of STEM communities of practice (i.e., negative positioning, 
prejudice, and cultural incompetence).  To attain a supportive classroom culture, 
teachers must attend to (or remove as the case may be) positioning, prejudice, and 
cultural incompetence.  In this way, participating in a classroom culture allows   25 
students to rehearse and build interpersonal skills necessary to compete in 
standardized STEM communities of practice while being protected from the negative 
aspects that impede identity development and persistence in STEM.  To create and 
maintain a positive classroom environment, it is necessary for students to feel 
comfortable in the classroom collaborating with peers.  Teachers play critical roles in 
establishing and sustaining a positive classroom atmosphere.  Chapman (2004) studied 
22 mathematics teachers whom all consistently engaged students in group work and 
peer-to-peer interaction.  Working regularly in collaborative groups, students became 
more actively engaged, cooperated with peers, and developed their social and 
interactive skills.  Findings showed that students valued and respected one another 
more than ever before, which led to establishing a supportive classroom culture 
conducive to learning mathematics. 
In addition to studying how discourse facilitates learning, I explore the effect 
of discourse on self-efficacy and social capital
6.  To promote academic success, 
creating a positive classroom culture supportive of student learning is a valuable asset.  
This positive classroom culture is similar to the STEM communities of practice 
students will experience in later courses.  Learning mathematics is much more than 
just rote memorization, understanding concepts, and increasing knowledge.  It is a 
rehearsal for students to interact in future communities of practice where they need to 
be able to learn, debate, and generally participate in discourse.  The culmination of the 
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positive impacts of discourse and a supportive classroom culture is the target of 
increasing self-efficacy and social capital. 
The NCTM Standards strongly encourages exercising student discourse in the 
classroom to capitalize on learning moments.  In the Principles and Standards, one of 
the six prominent principles is the Communication Principle, in which the NCTM 
(2000) points out, “Students who have opportunities, encouragement, and support for 
speaking, writing, reading, and listening in mathematics classes reap dual benefits: 
they communicate to learn mathematics, and they learn to communicate 
mathematically” (p. 60).  Discourse and how students communicate mathematically 
with one another are pertinent pieces of my study, and I plan to analyze how students 
can benefit from discourse to be more successful in mathematics.  
In the next section, I spotlight sociocultural theory as the major theoretical 
perspective that framed my study.  I explore mathematics education literature that uses 
a sociocultural lens to examine issues related to teaching and learning mathematics, 
especially for diverse students. 
 
Sociocultural Theory 
At the heart of cooperative learning and student discourse is the acquisition of 
knowledge within socially and culturally shaped contexts.  Vygotsky (1978) described 
sociocultural theory as an ongoing process where human learning and development is 
facilitated by interaction within social and cultural contexts.  In Mind in Society, 
Vygotsky (1978) stressed that to advance learning, the human mind must operate in a   27 
social environment where “every function in the [student’s] cultural development 
appears twice: first, on the social level, and later, on the individual level; first, between 
people (interpsychological) and then inside the child (intrapsychological)” (p. 57).   
In my research, I focus on the Vygotsky’s two levels of learning, but 
interpreted by the students experiencing the learning firsthand.  I study the students’ 
perspectives to investigate how they use the cooperative (highly interpsychological) 
and traditional (highly intrapsychological) learning contexts to navigate around their 
unique barriers to knowledge acquisition.  In the process, I intend to gain a student-
focused insight into the advantages and disadvantages of both pedagogies. 
I acknowledge that through the lens of sociocultural theory, both the traditional 
and cooperative pedagogies have social and environment-dependent components.  
Social development takes place within one’s Zone of Proximal Development (ZPD), 
which Vygotsky defined as “the distance between the actual developmental level as 
determined by independent problem solving and the level of potential development as 
determined through problem solving under adult guidance, or in collaboration with 
more capable peers” (p. 86).  A student’s ZPD can serve as a guide for learning and 
development.  Even the most passive knowledge transition lecture style could be 
considered a situation where students are developing through guidance and could 
result in a measurable increase in learning associated with the ZPD.  However, the 
degree to which the ZPD is affected likely depends on the level to which either 
pedagogy is situated to be an effective venue for idea exchange.     28 
Similar to Vygotsky’s description, Geertz (1973) explained sociocultural 
theory as learning as a continuous process that takes place as the individual interacts 
with the environment through a cultural lens.  The environment includes social 
interactions with others, mediated tools (explained below) that are used, and the 
contextual influence of the experiences.  Within social and cultural contexts, thinking 
and doing become intertwined (Rogoff, 2003; Wertsch, 1985, 1991). 
A central idea in sociocultural theory is the importance of mediating artifacts.  
Such artifacts may include physical tools, such as calculators or computers, as well as 
symbolic tools like language or gestures (Blunden, 2010).  In the mathematics 
classroom, one of the most essential tools is the teacher.  The teacher plays a crucial 
role in establishing and maintaining a positive classroom environment and culture.  
Geertz (1973) described culture as a core set of values and beliefs through which 
individuals perceive and act on the environment.  Individuals view their environment 
through the lens of these values and beliefs.   In addition to the classroom culture that 
the teacher establishes, every student brings a distinct culture to the classroom, and the 
teacher is responsible to respect all cultures to best equip students to succeed.  
A key factor in promoting a sociocultural perspective and enhancing the ability 
of teachers to support students is what Boaler (2008) refers to as complex instruction.  
Structured on four categories, this instruction includes: multidimensional classrooms, 
group role assignments, assigning competence, and teaching students to be responsible 
for each other’s learning.  An example of complex instruction included Railside 
teachers building multidimensional classrooms by applying open-ended questions,   29 
which students could solve using different methods.  The teachers encouraged students 
to discover answers with multiple solution paths, which allowed students to think 
more freely and be more open minded.  Furthermore, role assignments encouraged 
students to work as a team with each group member taking on an important 
responsibility to help the group tackle the problem.  Boaler declared, “when there are 
many ways to be successful, many more students are successful” (p. 630).   
Boaler’s research findings support the sociocultural theory, where learning and 
development take place in socially and culturally shaped contexts.  Higher achieving 
students working together with lower achieving students by social mediation improved 
the success rate of lower achieving students.  This is an example of the ZPD, where 
students need stimulation beyond their current level of ability and performance so that 
actual learning can take place (Rogoff, 2003; Vygotsky, 1978).  A vital concept in 
Boaler’s study is that not only did lower achieving students improve their knowledge 
through group interaction, but higher achieving students also gained more 
mathematical insight by teaching and explaining.  Because I am interested in 
examining the role of discourse and student interaction in a mathematics classroom, I 
think sociocultural theory can play a crucial role in understanding how discourse 
affects student learning.  
Scaffolding, a closely related concept to ZPD, plays an essential role in 
improving student knowledge acquisition.  In scaffolding a teacher or higher achieving 
student assists the lower achieving student in his or her ZPD.  When the lower 
achieving student begins to more clearly comprehend the problem, help is tapered off   30 
until the student can solve the problem without aid.  Vygotsky (1987) once 
proclaimed, “What the child is able to do in collaboration today he will be able to do 
independently tomorrow” (p. 211).  Through ZPD and scaffolding, students can 
advance their knowledge (Wertsch, 1985, 1991), gain more confidence in their 
individual problem-solving ability, and develop interpersonal skills necessary to thrive 
in a collaboration-driven STEM community.  
Committing to the mathematical learning of all students has myriad 
implications including amplifying learning and teaching moments, increasing 
discourse opportunities, and students attaining higher levels of achievement.  A study 
performed by Treisman (1992) on diverse college students taking Calculus showed 
interesting results.  He discovered that through a program featuring workshops 
focusing on group work and rich mathematical tasks, minority students succeeded 
more than ever before.  Furthermore, Treisman emphasized that studying in isolation 
is not as effective as studying in groups.  Cooperative learning encouraged students to 
work together while strengthening trust, respect, and accountability.  Under a 
sociocultural framework, Treisman found out that when minority students studied 
mathematics in groups, they experienced higher levels of academic success.   
Throughout my study, I use a sociocultural perspective by examining student 
learning and development through social and cultural contexts.  I study the advantages 
and disadvantages of multiple pedagogical techniques on student learning.  Peer 
interaction can lead to growth in students’ mathematics learning and knowledge.  
Discourse plays a key role in facilitating student learning, engaging peers to work   31 
together, and enhancing the learning process.  Trusting, respecting, and building 
relationships with fellow classmates helps create a positive classroom culture 
conducive to helping students succeed more than ever before.  This feeling of a 
supportive classroom environment while concomitantly achieving academically can 
enrich students’ confidence.   
Overall, peer interaction has the ability to transform the mathematics 
classroom into a supportive atmosphere where concepts are learned while 
simultaneously giving students a meaningful personal and professional experience.  
This is powerful because it means a model of a successful mathematics classroom has 
the potential to do more than increase students' skills and knowledge.  Perhaps it has 
much broader impacts where peer interaction can contribute to success in other 
STEM-related courses. 
Proficient social interaction, whether peer-to-peer or teacher-to-student, 
through discourse provides students with abundant opportunities to cultivate learning.  
In Bauersfeld’s (1980) study of improving mathematics comprehension, he declared, 
“Teaching and learning mathematics is realized through human interaction” (p. 35).  
Interaction and collaboration among students through mathematical discourse is a key 
component of my research.  Theoretically, because I am examining pedagogical 
strategies, peer interaction, and student discourse my study is most effectively 
analyzed through a sociocultural lens.   
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Self-Efficacy 
The focal point of college level mathematics is to advance students’ academic 
skills and knowledge.  To accomplish this goal, it is important to investigate and 
expand the link between college students and their respective cognitive factors.  
Research studies have shown that many variables, including mathematics anxiety 
(Rushing, 1996) and attitudes toward learning mathematics (Zimmerman, Bandura, & 
Martinez-Pons, 1992), influence the academic achievement and persistence of college 
students.   
Another well-documented approach to elevate mathematics performance is to 
increase students’ beliefs in their mathematics achievement capability, or mathematics 
self-efficacy (Hackett & Betz, 1989; Lent, Brown, & Larkin, 1984; Pajares & Miller, 
1994; Siegel, Galassi, & Ware, 1985).  This section focuses on reviewing previous 
research on self-efficacy and how I plan to incorporate self-efficacy in my study.  The 
goal of my study is to analyze how to increase students’ self-efficacy through the 
advancement and implementation of mathematics pedagogical strategies, such as the 
previously discussed cooperative learning, traditional instruction, positive classroom 
culture, and building respectful relationships with fellow classmates and teacher. 
Firstly, research indicates that students with high self-efficacy generally attain 
more academic success than those with low self-efficacy (Bouffard-Bouchard, Parent, 
& Larivee, 1991; Multon et al., 1991; Pajares & Graham, 1999).  According to 
Hackett and Betz (1989), even when variables such as mathematics aptitude, gender, 
and anxiety are controlled, mathematics self-efficacy beliefs are predictive of students’   33 
choice of major and academic performance.  Self-efficacy plays an integral role in 
students gaining confidence to excel in mathematics.  One way to facilitate students to 
succeed in mathematics is through applying various methods to enhance their self-
efficacy. 
Bandura (1995) defines self-efficacy as “the belief in one’s capabilities to 
organize and execute the courses of action required to manage prospective situations” 
(p. 2).  This self-perceived confidence influences a variety of factors, including effort 
put into studying, persistence in academics, and resiliency to obstacles (Bandura, 
1997).  Proliferating self-efficacy is crucial to College Algebra because students often 
pre-determine performance outcomes before class even begins (especially if they have 
historically struggled in mathematics) or carry preconceived notions on the complexity 
of the subject (particularly if this is their terminal mathematics class).  To overcome 
these barriers, students’ self-efficacy must be raised so they gain confidence in their 
abilities to academically succeed.  Bandura (1977, 1986, 1997) advised that self-
efficacy is acquired and modified through four primary sources: 1) Mastery 
experience, 2) Vicarious learning, 3) Social persuasion, and 4) Physiological states 
and reactions.  These sources contribute to one’s perceived ability in executing a task 
such as passing a mathematics course.   
The first source on which self-efficacy is constructed is mastery experience, 
which refers to people experiencing success or failure; performing a job successfully 
elevates self-efficacy, while failing lowers it.  Historically, diverse students have taken 
lower-level mathematics courses in high school, and many enter college academically   34 
underprepared (Bettinger & Long, 2006; Lubienski, 1997).  Thus, the history of 
accomplishments that diverse students have experienced is little or sometimes entirely 
absent.  To fill this gap, students have an opportunity to successfully complete college 
level mathematics courses to generate a sense of belonging and accomplishment.   
Vicarious learning or modeling is the second source of enhancing self-efficacy.  
This is described as witnessing another person succeed at a task subsequently raising 
one’s confidence to accomplish the same or similar task.  Vicarious learning can 
further strengthen self-efficacy if the person observed is similar to oneself.  Schunk, 
Pintrich, and Meece (2008) assert, “Observing the successes, failures, rewards, and 
punishments of others creates expectations in observers that they are likely to 
experience similar outcomes for performing the same behaviors” (p. 157).  Although 
many students are unable to observe high-achieving peers in high school for various 
reasons including low motivation, poor performance, or mathematics avoidance, 
collegiate students can collaborate with fellow classmates and watch them perform 
well in class.  Observing peers succeed in mathematics is a key component of 
increasing one’s own confidence of also succeeding in mathematics.  
Social persuasion, or receiving verbal encouragement from others, is the third 
way of strengthening self-efficacy.  Paralleling a cheerleader for a football team, this 
encouragement can come in the form of verbal support to accomplish a goal.  In 
mathematics, many students who have traditionally scored poorly are placed in low-
level classes and delegated as low-achieving students.  This can severely denigrate 
students emotionally and mentally, and ultimately leave them embarrassed (Green,   35 
1990; Higbee & Thomas, 1999) to the point where they suffer from the horror of 
mathematics class.  However, through words of encouragement and positive 
reinforcement, diverse students can persist longer and eventually overcome their fear 
of mathematics. 
The fourth and final source through which self-efficacy is acquired is 
physiological states, or one’s capability to cope with various emotional arousals 
(stress, anxiety, fatigue, etc.).  In addition to the fear of mathematics mentioned above, 
many diverse students are stigmatized by teachers as being low-achieving students 
(Ladson-Billings, 2001; Tate, 1997).  As a result of this stigmatization, stress and 
anxiety are ubiquitous, and diverse students need to find a way to wrestle with and 
overcome these physiological barriers.   
A goal of my study is to analyze the effect of different pedagogical methods on 
enhancing diverse students’ self-efficacy.  Does cooperative learning help increase or 
decrease self-efficacy?  How about traditional instruction?  What role does discourse 
play in enhancing self-efficacy?  Do writing weekly journal reflections
7 influence 
one’s self-efficacy?  These are a few of the questions I explore.  
Closely related to self-efficacy is the concept of social capital.  While self-
efficacy relates to one’s confidence in his or her ability to accomplish a given task, 
social capital relates more to the value of establishing social networks while increasing 
confidence.  Bourdieu (1992) defines social capital as “the sum of the resources, actual 
or virtual, that accrue to an individual or a group by virtue of possessing a durable 
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network of more or less institutionalized relationships of mutual acquaintance and 
recognition” (p. 119).  Putnam (1995) describes social capital as “features of social 
organization such as networks, norms, and social trust that facilitate coordination and 
cooperation for mutual benefit” (p. 67).  Yosso (2005) explains social capital as 
“networks of people and community resources.  These peer and other social contacts 
can provide both instrumental and emotional support to navigate through society’s 
institutions” (p. 79).  Stemming from these authors’ descriptions, I define social 
capital as the benefits of network trusting relationships, where the relationships are 
two-fold: First, these relationships are created with people inside the community of 
practice (e.g. peers in the mathematics classroom); and second, these relationships are 
built with people outside the community of practice (e.g. students from other classes 
or professors from other departments).   
In my dissertation, social capital meshes the microscopic discourse with the 
macroscopic community of practice.  Discourse within classroom culture improves 
social capital and affords students the foundation to gain interpersonal and 
mathematics skills necessary to operate in a more general community of practice.  In 
the mathematics classroom, social capital involves students’ confidence in their 
abilities, as well as, the networks of people supporting each other, interacting by 
asking questions, learning new techniques, and developing knowledge.  Student 
discourse in the mathematics classroom is crucial and necessary for working with 
classmates, increasing mathematical development, and ultimately enriching social 
capital.     37 
Social capital can be described as a quality of a person.  Students with high-
levels of social capital have certain advantages over peers with lower-levels.  For 
example, students with high social capital have networks of people they can 
collaborate with for help and support, particularly classmates in their community of 
practice.  With help from peers, students can experience more success in mathematics, 
and increase their self-efficacy.  As students increase their self-efficacy, they gain 
more confidence in doing mathematics and feel more comfortable in learning.  
Subsequently, increased social capital results in students not only advancing their 
mathematical knowledge, but also experiencing more success in STEM-related 
majors. 
 
Summary of Findings 
Research shows that diverse students have historically scored low in 
mathematics creating a large achievement gap.  This is problematic because while 
America’s demographics are rapidly growing more diverse, the number of STEM 
minority educators is dwindling.  Increasing diverse student self-efficacy in 
mathematics and thereby closing the achievement gap is necessary.  Although 
extensive research has been performed on this issue at the K-12 level, significantly 
less research has been done at the college level, which is a conundrum because college 
is an important gatekeeper for academic success.  Conducting research at the college 
level is essential because many high school graduates enter college mathematically 
underprepared, and it is necessary to get them caught up as quickly as possible so they   38 
can progress toward their college degree.  Accomplishing this task will increase 
diverse student retention in STEM disciplines, diversify STEM education, and 
ultimately fortify America’s competitiveness in the world market.  While my 
dissertation is similar to previously conducted research studies, it is innovative 
because of my unique methods and approach, which I discuss more elaborately in the 
ensuing chapter on methodology.   
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CHAPTER THREE: METHODOLOGY 
 
I begin Chapter Three by introducing the research site in order to situate the 
study and its participants in their authentic environment.  I discuss the demographics 
of the university and program in which the course takes place.  Next, I proceed with a 
description of the methods and procedures used to guide data collection and analysis.  
This chapter includes the following sections: research design, research site and 
participants, data selection, instrumentation, and data analysis.  I conclude by 
explaining the steps taken to ensure the validity and rigor of the findings.  
 
Research Design 
Given my goal of comprehending the highly complex phenomena of teaching 
and learning mathematics, I collected data using multiple sources in a mixed-method 
research design (Creswell & Plano Clark, 2007; Creswell, 1999, 2003).  I studied one 
College Algebra course that took place during the summer term of 2012, and data 
were collected between June and August.  While this study is a mixed-method design, 
in order to obtain the most valid and reliable data to specifically address the research 
questions, qualitative research is the preferred method.  A distributed pre/post survey 
called the Mathematics Self-Efficacy Scale (MSES) (Betz & Hackett, 1983) is the sole 
quantitative piece of this study, which is used to statistically determine whether   40 
students’ self-efficacy increased or decreased by taking the course.  This quantitative 
survey is used to support the qualitative data
8. 
The National Research Council (2002) emphasized that studies can be 
strengthened by using multiple research methods that assimilate “quantitative 
estimates of population characteristics and qualitative studies of localized context” (p. 
108).  Moreover, researchers (Creswell, 2003; Tashakkori & Teddlie, 2003) have 
stressed that using multiple methods enhances both the depth and breadth of data 
findings.  Toward the end of this chapter, I discuss the use of triangulation (using 
multiple methods to strengthen findings), validity (accuracy of findings), and 
reliability (consistency of findings).  Implementing a mixed-method design has 
provided me with more opportunities to use triangulation to solidify the validity and 
reliability of my study.   
My dissertation is a case study focusing on a unique College Algebra 
classroom comprised of diverse students.  Rather than attempting to generalize my 
findings, my goal is to characterize a classroom model that effectively facilitates 
students to succeed in mathematics.  Researchers (Creswell, 1998; Lincoln & Guba, 
1990) described the case study research method as an in-depth investigation of an 
individual unit (e.g., a person, group, or event).  Yin (2009) outlined three types of 
case studies – exploratory, descriptive, and explanatory – in either single- or multiple-
case format.  My study is a single-case descriptive study, where Yin (1988) defined a 
descriptive case study as a “complete description of a phenomenon within its context” 
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(p. 5).  In this study, the phenomenon was students learning through different 
pedagogies and the context was the mathematics classroom.  
As discussed in Chapter One, this study has three major purposes:   
1)  Juxtapose mathematics learning from the perspectives of diverse students in 
two contexts: traditional instruction and cooperative learning.   
2)  Analyze student discourse and examine the role discourse plays in students 
cultivating their mathematics skills. 
3)  Investigate how students can increase their mathematics self-efficacy through 
various pedagogical strategies. 
In order to accomplish these goals, my data collection, instrumentation, and 
analysis must contain an in-depth examination.  Many researchers have preferred to 
use the case study method because it stresses rich, contextual data and overall 
culminates in a detailed investigation.  Guba and Lincoln (1981) emphasized that out 
of all the research methods, the case study method provides the most comprehensive 
understanding of any given topic through a process known as thick description 
(Geertz, 1973), which encompasses an in-depth account of the entity being analyzed.  
I have used a case study method to obtain detailed data, which allows me to 
accomplish the purposes of this dissertation.   
 
Research Site and Participants 
The research site is a medium sized public university located in the Pacific 
Northwest.  This coeducational, public research university of nearly 25,000 students   42 
offers undergraduate and graduate degrees in more than 200 academic programs and 
graduates approximately 4,500 students per year.  Because I am studying an 
undergraduate mathematics class, the remaining statistical demographics pertain to 
undergraduates only.  Out of approximately 21,000 undergraduate students, nearly 
70% of the students are White, non-Hispanic, 7.9% are Asian/Pacific Islander, 6.2% 
are Hispanic, 1.2% are African American, 1.0% are American Indian/Alaskan Native, 
and 4.8% are International students
9. 
I examined a course that is part of the Educational Opportunities Program 
(EOP), because the EOP endeavors to support “students of color, students with 
disabilities, students who are single parents, low-income students, students who have 
been rurally isolated, veterans, older-than-average (25+), or 1
st generation in college” 
(“Educational Opportunities Program,” 2012a).  Because the EOP is designed to help 
diverse students acclimate to the college lifestyle, the proportion of diverse students in 
the program is substantially higher than the general student population. 
The student demographics of the EOP are the following: Out of 424 registered 
students, approximately 17.6% of the students are White, non-Hispanic, 18.4% are 
Asian American/Pacific Islander, 45.2% are Hispanic, 9.2% are African American, 
1.8% are American Indian/Alaskan Native, and less than 1% are international 
students
10 (Educational Opportunities Program, 2012b).  As indicated, the EOP 
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student demographics are much more diverse than the overall university, which is why 
I decided to study a mathematics class in the EOP.   
Participants for this study were solicited from a College Algebra course of 
diverse undergraduate students in the EOP.  Although eleven students enrolled in this 
course, one student was unable to attend class.  Therefore, I decided to study the 
students (n = 10) who were able to attend class on an everyday basis.   
As illustrated in Table 3.1 below, the students in this class included older-than-
average, veteran, single parent, ethnic and racial minority, rurally isolated, 1
st 
generation in college, and international students.  The class was evenly split with five 
male and five female students.  Three of the ten participants were Hispanic, two 
international (one from China and one from Saudi Arabia), one Asian American, and 
four White.  Out of the four White students, two were older-than-average and 
veterans, and the other two were 1
st generation college students.  The students and 
their demographic information are summarized in Table 3.1. 
 
Table 3.1 
Background Information on Participants 
Name  Gender  Age  Ethnicity  Year in School  Major 
Adam
11  Male  26  White  Junior  Fisheries and Wildlife 
Biology 
Angela  Female  29  Hispanic  Junior  Mechanical Engineering 
Cassie  Female  21  White  Senior  Merchandising 
Management 
Chelsea  Female  22  Asian 
American 
Junior  Merchandising 
Management 
Dante  Male  22  Hispanic  Sophomore  Agricultural Business 
Jason  Male  25  White  Senior  New Media 
                                                 
11 To maintain conditions of anonymity, all names used throughout this study are 
pseudonyms.   44 
Communications 
Jin  Male  20  Chinese  Freshman  Biology 
Juanita  Female  22  Hispanic  Senior  Apparel Design 
Rahul  Male  27  Saudi 
Arabian 
Junior  Electrical Engineering 
Sara  Female  19  White  Freshman  Exercise and Sport 
Science 
 
On the first day of class, I informed the students of the research study, 
following the protocol outlined by university’s Institutional Review Board (IRB).  
Anonymity was ensured to all participants and all student information collected was 
held in complete confidentiality.  The students were guaranteed that the pedagogical 
strategies to be implemented are the professor’s customary instructional strategies.  
Permission to perform research with human subjects was sought by following the IRB 
procedures.  Consent was obtained from all ten participating students and the course’s 
professor.  Appendix A includes the Informed Consent document required by the IRB 
research protocol.   
I informed the students they would be compensated with a $10 gift card to a 
restaurant of their choice, a pen, and in collaboration with the teacher, extra credit for 
the course.  I also notified the students that if they chose not to participate in the study, 
their grade would not be adversely affected and they would still have equal 
opportunities to receive the identical points-based extra credit.   
 
Data Selection for Study 
  To more purposefully attend to the research questions delineated in Chapter 
One:   45 
1)  What do individual students perceive to be the benefits and challenges of 
traditional and collaborative pedagogies, particularly with respect to enhancing 
their mathematics self-efficacy?  
2)  What evidence exists indicating the role of discourse in improving diverse 
students’ abilities to learn and do mathematics? 
3)  What are the implications of addressing diverse student perspectives when 
implementing either pedagogy? 
I focused my data collection on how students learn mathematics in different 
contexts, whether learning independently in traditional instruction or working with 
classmates in cooperative learning.  My case study investigated ten diverse students 
and the effect of discourse on their learning achievements.  Since my research goal is 
to examine distinctive pedagogical strategies on how to enhance student self-efficacy, 
then obtaining rich, contextual, and detailed data are necessary. 
While this study is a mixed-method research design, in order to obtain the most 
valid and reliable data to specifically address the research questions, the effect of 
discourse, the role different settings play in enhancing self-efficacy, and developing a 
classroom model, qualitative research is the preferred method.  Regarding case 
studies, qualitative research has proven to be an efficient method of discovering rich 
data and in-depth understandings of teaching and learning mathematics (Merriam, 
1997).  To support the qualitative data and strengthen research findings, a pre/post 
quantitative survey was also selected to determine whether students’ self-efficacy 
increased or decreased throughout the study.     46 
The data were gathered to understand how students learn mathematics, their 
perspectives of mathematics throughout the study, and their views of how specific 
pedagogies influenced their self-efficacy.  Each data source (classroom observations, 
video recordings, interviews, surveys, and student journals) was analyzed using 
standard procedures of coding and/or statistical analysis.  Gathering data from 
multiples sources provided opportunities to rigorously compare and contrast the data 
to elicit themes and perform triangulation.  Triangulation proved to be of great value 
as analyzing data from multiple perspectives strengthened the validity and reliability 
of the findings (Maxwell, 2005; Wiggins, 1998).   
  The data collection for the study is suitable given that my goal is not to 
generalize to the entire student population (Flyvbjerg, 2006).  Instead, my intent is to 
adequately address the research questions by providing descriptive findings with high 
validity and reliability.  Selecting the aforementioned data sources optimized my 
opportunities to collect germane data.  
 
Instrumentation for Study 
  As illustrated in Table 3.2, the data for this study were collected from 
classroom observations, video recordings, interviews, surveys, and student journals.  
To attend to the specific research questions, I relied primarily on classroom 
observations and video recordings of students learning and doing mathematics.  To 
more thoroughly comprehend the intricacies of peer interaction and discourse, I   47 
analyzed various secondary data sources such as pre/post interviews, pre/post surveys, 
and student journals.   
  Throughout the data collection and analysis process, I received helpful 
assistance from the professor.  As a research team, we held weekly meetings to 
systematically discuss and analyze the data to elicit themes that we agreed upon, 
which increased the validity of our findings (Eisenhart, 2002).  Communication 
between myself and the professor was extensive and to further solidify the validity of 
the findings, we performed inter-rater reliability (Mays & Pope, 1995).  Table 3.2 
succinctly lists each data source.  Following the table, details of each data source are 
more specifically described. 
 
Table 3.2 
Data Collection Procedures 
Data Source  Description 
Classroom 
Observations  
25 110-minute classroom observations and field notes of 
students learning independently and working in collaborative 
groups 
Video Recordings  20 hours videotape of students interacting and doing 
mathematics with classmates and teacher 
Pre/post Interviews  10 15-minute initial interviews during the first week, and 10 
20-minute final interviews during the last week 
Pre/post Surveys  All 10 participants completed pre/post Mathematics Self-
Efficacy Surveys 
Journal Reflections  All 10 participants completed weekly reflective journals on 
class-related questions  
 
  Classroom Observations.  After receiving the signed consent forms from all 10 
participants, classroom observations began the first day of class and continued 
throughout the duration of the term.  The College Algebra course met four days a 
week for 1 hour and 50 minutes each class period from June 2012 to August 2012.    48 
The professor generally spent the first 30 to 40 minutes lecturing on the new material 
and answering questions on the material or the previous homework assignment.  Then 
students worked individually on problems, followed by the participants separating into 
groups of two or three students to work collaboratively on workshop
12 problems.  
Each class period, I collected in-depth field notes from both the traditional instruction 
and cooperative learning settings.  The goal of my field notes was to capture the 
contextual interactions between student-to-student and student-to-teacher.  I followed 
a classroom observation protocol developed by Piburn and colleagues (2000) called 
the Reformed Teaching Observation Protocol (RTOP), which has been used in 
numerous studies on observing science and mathematics classrooms with a reliability 
estimate of 0.954. 
  As the researcher, I decided to not participate in any of the whole-class 
discussions to avoid impacting any of the actions or reactions of the study participants.  
My foremost purpose was to observe the students learning mathematics in a typical 
learning environment.  Each time I observed the class, I sketched the classroom setup 
with the location of all students and teacher.  Each student was identified with 
abbreviations, such as M1 for the first male (beginning at the front/left) and F3 for the 
third female, and so forth.  Throughout the duration of the term, I took detailed field 
notes on the classroom interactions between students and teacher, as well as student-
                                                 
12 Workshop problems are rich mathematical problems designed by the teacher or 
colleague.  I define a rich problem as a thought-provoking problem that drives 
students to exercise deep mathematical analysis.  Simply put, the problem should be 
challenging, yet attainable.  The purpose of a rich task is to encourage all students to 
critically examine mathematics, actively participate, and productively engage in 
solving problems.     49 
to-student.  During cooperative learning, I would continually listen to different groups 
of students talk with each other, which afforded me to capture the discourse.  I also 
recorded any subtle factors (e.g., non-verbal communications) that accompanied the 
visible interactions to further enhance the field notes.  
  Video Recordings.  I arrived early to every class to set up two video cameras, 
which were used to capture all whole group discussions and small groups (two at a 
time on a rotating basis).  In order to capture the interaction and discourse produced by 
the group members, the video cameras were positioned close enough to be able to hear 
the students’ conversations but far enough to not impede their interactions.  The video 
data proved to be essential for three main reasons: 1) The cameras picked up pertinent 
information that either I failed to record in my field notes, or was unable to observe 
first-hand given that I was watching another group, 2) The video recordings 
illuminated the non-verbal communications, and 3) To gain a clearer understanding, 
the video data afforded me opportunities to watch the situations over again.  In order 
to strengthen the validity of my findings, the video recordings proved to be crucial as 
it allowed me to triangulate with my classroom observations.   
  Interviews.  I conducted individual semi-structured interviews with all 10 
participants.  Each initial interview was held during the first week of the summer 
session and lasted about 15 minutes.  Each final interview occurred during the last 
week and took about 20 minutes.  To efficiently address the research questions, the 
research team collectively designed the initial interview questions (Appendix B), and 
throughout the study the final interview questions were developed (Appendix C).     50 
  I audio recorded, transcribed, and then discussed the interviews with each 
respective student to clarify any misunderstandings through member checking 
(Glesne, 2006).  The interviews were scheduled at a time and day most convenient to 
the student, and they were conducted at the classroom (before or after class).  The 
classroom setting was conducive to students feeling comfortable and discussing 
mathematics in a familiar location.  By interviewing students individually, I was able 
to collect rich and detailed data on their perceptions of learning mathematics through 
different pedagogies, advantages and disadvantages or working independently and in 
groups, and how different pedagogical strategies influenced their own self-efficacy.  
The combination of the classroom observations, video recordings, and interviews 
provided in-depth data that culminated in identifying trends and themes.   
  Surveys.  As previously discussed, this study’s research questions are best 
investigated by performing rich, in-depth analysis through qualitative research.  To 
support the qualitative findings and to strengthen the validity of the study, I 
administered Hackett and Betz’ (1989) Mathematics Self-Efficacy Scale (MSES).  
This pre/post quantitative survey is a 34-item survey composed of two subscales: 1) an 
18-item mathematics tasks section intended to measure students’ beliefs in their ability 
to perform everyday mathematics tasks, and 2) a 16-item mathematics courses section 
involving the students’ confidence in completing various mathematics-related college 
courses with a grade of B or higher (Appendix D).  The MSES was administered to the 
participants as a pretest and posttest to determine whether student self-efficacy   51 
increased or decreased.  The respondents rated their confidence in their abilities on a 
10-point Likert scale ranging from 0 (no confidence) to 9 (complete confidence).   
The MSES has been widely used in research, and Betz and Hackett (1989) 
reported reliability coefficient alphas of .96 on the entire scale, .92 on the tasks 
section, and .92 on the courses section (Hall & Ponton, 2002).  Cooper and Robinson 
(1991) determined that the Cronbach’s alpha, which examines the internal reliability, 
of the MSES is .95.  Furthermore, over a two-week interval, the test-retest reliability 
for the MSES is .89 (Betz & Hackett, 1993).  Overall, research has indicated 
significant evidence for the content validity, construct validity, concurrent validity, 
predictive validity, and reliability of the MSES (Cooper & Robinson, 1991; Hackett & 
Betz, 1989; Pajares, Hartley, & Valiante, 2001).   
Journal Reflections.  Mathematics educators advocate that journal writing can 
help students clarify their thinking, examine and reflect on their analysis, pose 
questions, and understand their work (Countryman, 1992; NCTM, 1991).  
Countryman wrote:  
Knowing mathematics is doing mathematics.  We need to create situations 
where students can be active, creative, and responsive to the physical world.  I 
believe that to learn mathematics, students must construct it for themselves.  
They can only do that by exploring, justifying, representing, discussing, using, 
describing, investigating, predicting, in short by being active in the world.  
Writing is an ideal activity for such processes (p. 2). 
 
In this study, participants completed weekly journal reflections on class-related 
questions devised by the research team (Appendix E).  Each journal included two 
components.  Part one featured a running question asking: What did you learn this 
past week? How did you feel while learning math in class this past week?  Part two   52 
was a more specific question on either pedagogy or discourse, such as the following: 
Do you feel more comfortable in the traditional or the collaborative setting? Please 
explain why. Which setting do you consider more challenging as far as thinking 
critically? Please explain.  Students were informed of the journal questions every 
Monday, and responses were collected every Thursday.  All completed journal 
reflections were received, as the students were consistent in getting them submitted on 
time. 
Throughout the research study, implementing multiple data sources helped 
promote a deeper understanding of the phenomenon under study, increase the rigor of 
the research process, and enhance the credibility of the data.  As previously discussed, 
in order to make this qualitative-focused study as rigorous as possible, triangulation 
was crucial.   
 
Data Analysis  
  I analyzed the data using the constant comparative data analysis method, 
explained by Glaser and Strauss (1967) as the process by which the researcher shifts 
back and forth between the data and the field to collect information that will then be 
coded into themes.  I used three strategies to strengthen the validity and reliability of 
the study: First, triangulation (Denzin & Lincoln, 1998) was used throughout the 
analysis process to understand multiple sources in relation to each other, elucidate 
clear trends and themes, and fortify the credibility of the study.  Second, I performed 
member checks (Lincoln & Guba, 1985) with participants throughout the study to   53 
ensure accurate transcription and data interpretation.  Third, I completed inter-rater 
reliability (Mays & Pope, 1995) with an experienced colleague who holds a Ph.D. in 
Civil Engineering.  This colleague was helpful in analyzing and independently coding 
the data to increase reliability.  Independent coding resulted in 95% reliability between 
the two researchers.  When the rare discrepancies did emerge, the researchers 
discussed the difference in detail, resolved the disparity, and refined the codes and 
themes.  As shown in Table 3.3, multiple data sources were analyzed to elicit clear 
trends and themes.  Following the table, I provide in-depth descriptions explaining the 
methods used to analyze each data source.  
 
Table 3.3 
Data Analysis Procedures 
Data Source  Data Analysis 
Classroom 
Observations 
Multiple coding methods on field notes focusing on peer-to-
peer and student-to-teacher interaction and discourse 
Video Recordings  Video breakdown and analysis using Studiocode 
Pre-post Interviews  Multiple coding methods concentrating on student 
perspectives of pedagogy, learning independently and 
collaboratively, and self-efficacy 
Pre-post Surveys  Various statistical tests using SPSS to determine the effect 
of the project on enhancing students’ self-efficacy 
Journal Reflections  Multiple coding methods on student perspectives and 
perceptions of the learning environment, pedagogy, and 
class as a whole 
 
  Classroom Observations.  From June 2012 to August 2012, the course met 
four days a week for 1 hour and 50 minutes each period.  I attended every class 
meeting, compiled 25 110-minute classroom observations, and used the 
aforementioned classroom observation protocol to collect in-depth field notes.  
Working under an ethnographic lens, the classroom observations provided a firsthand   54 
look into how students evolved mathematically.  The goal of my field notes was to 
capture the contextual interactions between student-to-student and student-to-teacher.   
  Immediately after each class, I analyzed the field notes by reading and re-
reading them.  Through the process of open coding, which Emerson, Fretz, and Shaw 
(1995) described as reading notes “line-by-line to identify and formulate any and all 
ideas, themes, or issues…no matter how varied and disparate” (p. 143), I was able to 
elicit trends.  Multiple readings of the field notes helped me to also compile 
descriptions of each student.  Analyzing the classroom observations was crucial in 
determining how students learned mathematics independently (through traditional 
instruction) and collaboratively, while interacting with their classmates (through 
cooperative learning).  To effectively address the research questions and accomplish 
triangulation, the research team applied a consistent set of codes to observations, 
videos, interviews, and journal reflections.   
  Video Recordings.  I video recorded more than 20 hours of classroom time, and 
attempted to capture whole class discussions, as well as, small group interactions.  To 
facilitate coding of the video recordings, I used Studiocode (2010), a video analysis 
software program used to manage and code video data.  Studiocode proved to be an 
extremely valuable tool.  While watching the video clips, I took extensive notes on 
each student and the way they worked individually and interacted with peers in 
groups.  Using Studiocode’s analysis features, I was able to categorize and link 
various codes and topics.     55 
  To refine my observations and codes, I viewed each video multiple times and 
continued to take more in-depth notes.  Through subsequent viewings and open 
coding, I was able to detect and categorize trends and themes, which led to identifying 
more detailed codes.  Throughout the process of using Studiocode while analyzing the 
data, my codes and themes were continually refined.  Refining my codes and themes 
proved to be valuable in triangulating the multiple data sources and strengthening the 
validity of the study.   
All-in-all, the video data proved to be essential for three main reasons: 1) The 
cameras picked up pertinent information that either I failed to record in my field notes, 
or was unable to observe first-hand given that I was watching another group, 2) The 
video recordings illuminated the non-verbal communications, and 3) The video data 
afforded me opportunities to watch each situation over and over again.   
Interviews.  I conducted pre-post, semi-structured interviews with all 10 
participants.  Each pre-interview took about 15 minutes, each post-interview lasted 
about 20 minutes, and I audio recorded and transcribed
13 all interviews.  To ensure the 
study’s trustworthiness, I performed member checks (Lincoln & Guba, 1985) with 
each participant.  This proved to be beneficial because there were times when member 
checking clarified interview misunderstandings.  For example, when interviewing Jin 
on whether or not he likes working with classmates, I initially heard him respond that 
he does not like it because his English is subpar.  But, when I checked with him on his 
response, I discovered that he actually meant that he likes working with classmates 
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because when he does not understand the wording of the problem, then he can ask his 
peers for help.   
  To analyze the interview data, I read and reread each transcript while taking 
robust notes and eliciting trends.  An experienced colleague and I worked 
independently to complete the coding and identify attributes of each participant 
relating to learning mathematics independently and collaboratively.  We focused on 
the students’ perceptions on the benefits and challenges of learning mathematics 
through two different pedagogies.  While coding we met regularly to compare our 
notes through inter-rater reliability (Mays & Pope, 1995) and continued to refine our 
codes.  The codes for each participant was then organized and compartmentalized into 
themes portraying their perceptions on doing mathematics.  For instance, one theme 
that emerged in cooperative learning was the benefit of bouncing ideas off of 
classmates to solve difficult problems.  To further strengthen this theme, the research 
team continually revisited the data to refine and support the advantage of engaging 
with classmates to find solution methods.  Inter-rater reliability proved to be useful in 
establishing and maintaining validity and reliability among our codes and themes.   
  Surveys.  All 10 participants completed the pre-post MSES.  Quantitative 
analyses were performed on the surveys using the Statistical Package for the Social 
Sciences (SPSS), a software program used for statistical analysis.  First, I created a 
database in SPSS.  Because Betz and Hackett (1993) recommended to score the MSES 
based on a total score average, I averaged out both the pretest scores and posttest 
scores for all 10 participants, and inputted the data from the survey to the database.    57 
To strengthen the accuracy of the inputted data, I double-checked all survey data from 
each student with the SPSS database.   
Next, I used descriptive statistics to summarize the data and analyze the 
students’ scores collectively to identify any trends.  Then, to compare the pretest 
scores with the posttest scores, I performed a paired sample t-test on the survey data.  
The survey proved to be valuable in supporting the qualitative data and strengthening 
the study’s validity.  In Chapter Four, I elaborate more on the statistics and conducted 
tests.   
  Journal Reflections.  All 10 participants completed weekly journal reflections 
on class-related questions devised by the research team.  All participants were 
consistent in submitting the reflections in a timely fashion, which was helpful in 
analyzing the reflections together every week.  I analyzed the reflections similar to the 
interviews.  I performed member checks with each participant, open coding to elicit 
codes and illuminate themes, and inter-rater reliability with an experienced colleague 
to increase the study’s reliability.   
From these student written reflections, I gained a different perspective from the 
students’ writing rather than their doing.  The journal reflections were helpful in 
examining student learning and perception through an emic perspective, which 
increased the credibility of the study.  Analyzing data on the combination of journal 
reflections, classroom observations, video recordings, interviews, and surveys 
facilitated in the triangulation of data sources (Maxwell, 2005).  It is important to note 
that:    58 
Triangulation is not a tool or a strategy of validation, but an alternative to 
validation. The combination of multiple methodological practices, empirical 
materials, perspectives, and observers in a single study is best understood, 
then, as a strategy that adds rigor, breadth, complexity, richness, and depth to 
any inquiry (Denzin & Lincoln, 1998, p. 8).   
 
Along with performing triangulation to strengthen the validity and reliability of 
the data, inter-rater reliability, and member checks were also conducted.  These three 
research strategies were valuable tools in adding rigor to the study and establishing a 
systematic research process that increased the validity and reliability of the research 
findings. 
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CHAPTER FOUR: RESULTS 
 
  This dissertation examined a classroom of diverse students learning 
mathematics through two pedagogical strategies.  Because this is a case study, rather 
than a characterization of a systemic trend, the purpose is to gain rich, detailed data for 
analyzing student development in this pedagogically driven classroom environment.  
In this section, I present the findings that pertain to the three primary research 
questions:   
1)  What do individual students perceive to be the benefits and challenges of 
traditional and collaborative pedagogies, particularly with respect to enhancing 
their mathematics self-efficacy?  
2)  What evidence exists indicating the role of discourse in improving diverse 
students’ abilities to learn and do mathematics? 
3)  What are the implications of addressing diverse student perspectives when 
implementing either pedagogy? 
The classroom as experienced by the student is the primary focus of this 
research.  From a sociocultural perspective, every classroom is unique in that each are 
occupied by a random collection of diverse individuals.  Each participant, including 
the teacher, brings a unique standpoint to the learning environment based on their past 
experiences and social identities.  Therefore, it is imperative to become familiar with 
the participants as a means to establish the social factors involved in the precise 
context in which the study occurred. To this end, I will begin by briefly describing   60 
their respective backgrounds.  Following the description of each student and the 
teacher, I will address the research questions.  
  Adam.  Adam is a 26-year old White male.  He is an older than average student 
who took a break from school to enlist in the military.  He returned to school eager to 
maintain his 3.7 GPA as he progressed toward completing his degree in Fisheries and 
Wildlife Biology.  His long-term aspiration is to become a U.S. Senator.  Adam noted 
that he feels the military had an impact on his identity, positively influencing both his 
personality and behavior.  As a veteran, Adam was much more disciplined than the 
average student, attentively listening to lectures and avidly engaging with classmates.  
Throughout the term, he was a natural-born leader, regularly taking group leadership 
and providing insightful comments.  During group work, he enthusiastically helped his 
classmates by clearly explaining the material to support their learning.  
  Angela.  Angela is a 29-year old Hispanic female.  She is a single parent of two 
young boys ages six and seven-years old.  Angela is also returning to school.  She 
earned an Airframe and Powerplant license several years prior to enrolling in the class.  
Angela is currently a junior majoring in Mechanical Engineering with a 3.2 GPA.  
After she graduates, she would like to find employment in the field of aviation.  She 
enjoys mathematics and stated that it is her favorite subject because “It comes easy to 
me… [And] it’s something you can use in real life.”  Similar to Adam, Angela’s life 
experiences played a key role in shaping her identity.  Angela explained that obtaining 
her Airframe and Powerplant license helped her develop both academic and 
relationship skills to the point where she is a focused student, interacts well with her   61 
peers, and is an active class participant.  Throughout the term, Angela and Adam were 
frequently the first students to raise their hands to answer a question. 
  Cassie.  Cassie is a 21-year old White female.  She is a 1
st generation college 
student majoring in Merchandising Management.  At the time of the study, Cassie had 
an internship selling and designing merchandise for the local baseball team.  She is a 
senior holding a 3.0 GPA and would like to eventually get a job in marketing and 
merchandising for a sports team.  Cassie holds negative feelings toward mathematics, 
and in fact, said, “I hate math” because “I’m just really bad at it.  I used to be good and 
then I transferred [high] schools and the math department wasn’t very good there.  
And ever since then, I didn’t like it.”  She rarely participated during class, but showed 
signs of engagement during smaller group work.   
  Chelsea.  Chelsea is a 22-year old Asian American female.  Her parents are 
originally from Tibet, but immigrated to India to escape persecution.  She was born in 
India, and then moved to the U.S. when she was 6-years old.  Although English is her 
second language, she proudly stated that she picked it up more quickly than her 
friends, which allowed her to assist her parents in their transition.  Her positive 
association with learning English has lead to English becoming her favorite subject.  
She is now fluent in English with no hint of an accent.  Chelsea has a 2.6 GPA and is a 
junior majoring in Merchandising Management with a minor in Business and 
Entrepreneurship.  After she graduates, she would like to work with merchandising 
and/or business.  She said that mathematics probably ranks as her least favorite 
subject, but noticed that the more she does mathematics the easier it becomes.     62 
  Dante. Dante is a 22-year old Hispanic male.  His family owns a farming 
business that sells organic vegetables to grocery stores throughout the state.  He is a 
sophomore majoring in Agricultural Business with a 2.5 GPA, and would like to 
eventually help his family run their farming business.  Although Dante struggled in his 
previous mathematics class, he said that he likes the subject and is fascinated at the 
interconnected puzzle-like nature of the subject.  Throughout the study he worked 
harmoniously with various group members.   Dante was one of the few students who 
regularly switched groups.  During cooperative learning, he considered it important to 
actively participate because he felt the best way to learn with classmates was through 
engaging in fruitful discussions. 
  Jason.  Jason is a 25-year old White male.  Like Adam, Jason is also a veteran; 
he served in Iraq for one year, and is active in the university’s Reserve Officer 
Training Corps (ROTC).  Jason holds a 2.3 GPA and is a senior majoring in New 
Media Communications.  His dream job is to be the sports broadcaster or journalist 
covering his favorite football team, the Miami Dolphins.  Jason explained that he has 
constantly struggled with mathematics and calls it a “complete foreign subject.”  He 
noted that mathematics has always been his most difficult subject, and he is anxiously 
anticipating the completion of his mathematics requirement.  Overall, Jason was 
consistently reserved during class.  While engaging in the group work, he was 
frequently positioned as the novice, getting taught the material to by his peers.  In the 
instances when he did grasp the material, he did not hesitate to reciprocate, 
comfortably explaining solution methods to his classmates.   63 
  Jin.  Jin is a 20-year old male student born and raised in China.  He has lived in 
America for the past two years and occasionally experiences frustration in attempting 
to grasp the nuances of the English language.  He is mostly taking English classes at 
the campus international center.  Jin selected this mathematics course to be one of his 
first non-English classes because he has always felt comfortable doing mathematics.  
Jin’s current GPA is a 2.2 (mainly because of low scores in his English classes) and he 
is majoring in Biology.  After graduating, he said he would like to return to China and 
be an office worker.  He informed me that because he does not understand English as 
well as his classmates, he had a difficult time understanding the teacher and his group 
mates.  Although Jin seldom participated in whole-class discussions, he was 
significantly more active in smaller groups, frequently explaining problem solving 
methods to his peers.  His explanations often involved a combination of symbolic 
illustrations and minimal spoken English.   
  Juanita.  Juanita is a 22-year old Hispanic female.  She is acutely aware of her 
specific learning style, asserting, “I’m definitely a hands-on learner.”  She has a 
passion for apparel construction and drawing classes.  Her self-proclaimed identity as 
a hands on learner meshed well with her career aspirations.  She is a senior majoring 
in Apparel Design and currently has a 3.1 GPA.  Juanita declared that she is a 
“talkative girl,” and after graduating, her goal is to use her social skills to expand her 
network and share ideas as a product designer.  With regard to mathematics, Juanita 
admitted, “I literally hate numbers.”  Furthermore, Juanita is unimpressed by a subject 
that has concrete principles and rules; however, she enjoyed using her creative mind to   64 
investigate and tackle word problems.  During group work, she enthusiastically 
participated while helping to establish a positive and supportive learning atmosphere.  
Her interaction with her peers showcased her proclivity for establishing collaborative 
partnerships. 
  Rahul.  Rahul is a 27-year old Saudi Arabian male.  He arrived in America one 
year ago and just completed his first year at the international center on campus.  This 
summer term is his first term taking core baccalaureate classes.  He currently has a 3.0 
GPA and is majoring in Electrical Engineering.  After Rahul graduates, he looks 
forward to finding employment as an electrical engineer specializing in electronic 
product development.  He expressed that he likes mathematics class because it is fun 
to explore and solve problems.  This interest in finding solutions to problems was 
consistent with his identity as an engineer in training, investigating ideas to 
successfully design products.  While he speaks sufficient English, he acknowledged 
that the only frustrating thing about mathematics class is trying to understand the 
vernacular.  He added that as soon as he returns home from class he looks up words in 
the dictionary that he failed to understand at class.  Rahul was an alert student and 
regularly participated during class by raising his hand to ask carefully thought out 
questions or to answer problems altogether. 
  Sara.  Sara is a 19-year old White female.  Like Cassie, she is a 1
st generation 
college student, and is a freshman majoring in Exercise and Sport Science.  She 
currently holds a 3.5 GPA and aspirers to become a physical therapist working with 
veterans.  Sara stated that she likes mathematics because “you always have a way to   65 
figure something out, there has to be a solution, and there has to be a way to do it.”  
Although initially she tended to be quite timid, when she began to dive into problems 
with a goal of solving it, she became increasingly livelier.  While working with 
classmates, she regularly accepted the role as the encouraging member of the group 
providing positive affirmations that the problems can be solved correctly and 
completely.   
Dr. Sanders.  Dr. Sanders is the teacher of this College Algebra course, and 
has been instructing college level mathematics for 13 years.  He regularly employs a 
variety of pedagogical strategies including traditional instruction and cooperative 
learning, and consistently receives exceptional teacher evaluations.  Many of the 
participants complimented Dr. Sanders on his approachable, caring, and supportive 
personality, as well as his extraordinary ability to teach mathematics clearly and 
effectively.  Dr. Sanders is an engaging teacher who endeavors to establish and 
maintain a comfortable, positive, learner-friendly environment.  This particular course 
with a mixture of diverse students and an experienced teacher made an ideal milieu for 
my study.  
 
RESEARCH QUESTION 1 
What do individual students perceive to be the benefits and challenges of traditional 
and collaborative pedagogies, particularly with respect to enhancing their 
mathematics self-efficacy?    66 
  To address this first research question, I examined the data using the constant 
comparative data analysis method (Glaser & Strauss, 1967), where I moved back and 
forth between the data and the field to formulate codes and themes.  For added 
validity, I investigated the multiple data sources through triangulation (Denzin & 
Lincoln, 1998), conducted member checks (Lincoln & Guba, 1985), and performed 
inter-rater reliability (Mays & Pope, 1995).  After a detailed analysis of the 
participants’ perceptions on the traditional and collaborative pedagogies, I elicited the 
three most prevalent benefits and challenges of each.  In this section, I will discuss the 
advantages and disadvantages of traditional instruction and cooperative learning as 
perceived by the students based on their unique frames of reference. 
  Before I discuss student perception of the portions of the course that lead to 
change in their confidence and competency, it is important to establish that student 
self-efficacy was in fact altered during the course.  To determine this, every student 
completed the Mathematics Self-Efficacy Survey (MSES) twice, once as a pre-survey 
taken in the first week of the term, and again as a post-survey administered in the last 
week of the term.  Using SPSS, I conducted descriptive statistics to summarize the 
data and explore the students’ pre-post scores.  Figure 1 shows the students’ MSES 
pretest scores, posttest scores, and change in scores (posttest – pretest).  
 
MSES Scores Breakdown  
Student  MSES Pretest Score  MSES Posttest Score  MSES Change 
Adam   7.18  7.56  +0.38 
Angela   7.03  8.21  +1.18 
Cassie   2.94  4.76  +1.82 
Chelsea   5.74  6.62  +0.88 
Dante   6.50  7.00  +0.50   67 
Jason   4.91  6.32  +1.41 
Jin   6.76  7.53  +0.77 
Juanita   4.13  4.18  +0.05 
Rahul   7.41  8.15  +0.74 
Sara   5.97  7.29  +1.32 
 Figure 1 – MSES pretest, posttest, and change in scores 
 
  Figure 2 displays the mean summary and quartiles breakdown of the students’ 
collective MSES pretest scores, posttest scores, and change in scores.   
 
MSES Pretest 
Mean Summary  Quartiles 
Mean  5.86  Min  2.94 
Standard Dev.  1.46  Q1  4.72 
n  10  Median  6.24 
    Q3  7.07 
    Max  7.41 
 
MSES Posttest 
Mean Summary  Quartiles 
Mean  6.76  Min  4.18 
Standard Dev.  1.35  Q1  5.93 
n  10  Median  7.15 
    Q3  7.71 
    Max  8.21 
 
MSES Change 
Mean Summary  Quartiles 
Mean  0.90  Min  0.05 
Standard Dev.  0.53  Q1  0.47 
n  10  Median  0.82 
    Q3  1.34 
    Max  1.82 
Figure 2 – Descriptive statistics of MSES pretest, posttest, and change in scores 
 
 
  A more illustrative display of the data distribution can be seen in the clustered 
bar graph in Figure 3.  This graph indicates the students’ MSES pretest scores in blue, 
the posttest scores in green, and the change in scores in beige.   68 
 MSES Pretest, Posttest, and Change in Score 
 
Figure 3 – Clustered bar graph of MSES pretest, posttest, and change in scores 
 
 
The mean MSES score at the start of the term was 5.86 and the mean score at 
the end of the term was 6.76, a mean increase of 0.90.  To compare the pretest scores 
with the posttest scores, I used SPSS to perform a paired sample t-test on the data.  My 
hypothesis was that there is a significant difference between students’ MSES pretest 
scores and posttest scores.  No significant difference between students’ MSES pretest 
scores and posttest scores was the null hypothesis for this analysis. The following 
figure displays the results of the paired sample t-test:   69 
 
 
 
 
Figure 4 – SPSS paired sample t-test results 
 
 
The p-value = 0.000 is less than p = 0.05, so, the null hypothesis is rejected, 
and there is a significant difference between the MSES pretest scores and the posttest 
scores.  Therefore, the results of the paired sample t-test indicate that the students’ 
mathematics self-efficacy increased significantly from the start of the term to the end.  
With an initial verification from this quantitative data that there existed a significant 
change in each students’ self-efficacy, I return to the student assessment of 
pedagogical methods that lead to the change. 
 
 
   70 
Three Benefits of Traditional Instruction 
Many students enter college with a variety of goals; in order to accomplish 
these goals and flourish intellectually, students must be intrinsically motivated (Deci, 
Vallerand, Pelletier, & Ryan, 1991).  In the learning process, self-motivation is 
important to continuously develop one’s academic skills while growing introspectively 
and individually.  Given the role of self-motivation and desire to establish oneself as 
an independent thinker able to succeed without communal scaffolding, the three most 
prevalent benefits of traditional instruction as perceived by the students are the 
following: 
1)  Easier to focus when working independently  
2)  Convenience of being able to work at one’s own pace 
3)  Increase self-efficacy by solving problems correctly without aid 
 
Easier to focus when working independently 
  While Dr. Sanders lectured at the board, I observed the students attentively 
taking notes, rarely chatting, and focusing on the task at hand.  In the interviews and 
journal reflections, many students stated that they were less distracted during 
traditional instruction because they did not have to worry about others, only 
themselves.  In his journal reflection, Dante recorded, “I obtain more when I work at it 
myself instead of trying to understand where everyone in the group is coming from.”  
Several students expressed feelings similar to Dante’s by acknowledging that not 
having friends to chat with in groups made it much easier to focus.  During the   71 
interview, Cassie said traditional instruction helped her concentrate more at the task at 
hand without having the temptation to talk with friends, and Jason described his 
independent working environment as being much more peaceful and quiet than small 
groups. 
  Another factor that made it easier to focus was the role played by the teacher, 
Dr. Sanders.  Many students complimented Dr. Sanders for his exceptional teaching 
abilities, such as explaining the material clearly by breaking down problems step-by-
step.  Rahul said he enjoyed Dr. Sanders’ ability to teach mathematics not only 
computationally, but also conceptually, by going over real-world examples.  During 
the interview, Adam added that Dr. Sanders did a great job of “teaching us real-world 
stuff.  He’s not just telling us to open the book, lecturing on a few examples and 
sending us off to the room.  He’s using math as real-world and why are we using it, 
how are we using it.”  Angela and Jin also enjoyed doing real-world examples because 
many times Dr. Sanders related it to their respective majors.  They liked these types of 
problems because it afforded them opportunities to be cognizant of how mathematics 
can be applied to their lives.   
Other students recognized that not only was Dr. Sanders knowledgeable of the 
material, but he also cared deeply and was very supportive of his students.  Juanita and 
Jason repeatedly expressed their appreciation of Dr. Sanders being patient and nice 
when working with students.  Sara said, “[Dr. Sanders] is fun to be around and laid 
back, and I think that helped just because you feel more comfortable asking him 
questions.”  Chelsea added, “[His] ability to joke around, to just have fun with it. I   72 
mean, it puts us at ease… most of the time it’s like a fun learning atmosphere… I feel 
comfortable talking to him so that’s a plus.”  Dr. Sanders’ caring nature created and 
maintained a positive classroom environment, which many students appreciated.  They 
identified the teacher and the classroom environment as important factors in helping 
them focus on mathematics.   
  The video data substantiated the students’ claims that traditional instruction 
helped them focus more on mathematics.  After reviewing all the video recordings, 
totaling the number of times students talked during traditional instruction came out to 
two moments.  One moment occurred when a student asked another for a pencil, and 
the other took place when a student dropped his calculator and thanked a classmate 
who helped him pick it up.  The number of students in the class could explain the 
rarity in student conversations.  Perhaps with only 10 students communication 
between classmates during lecture became subtler to avoid drawing attention of the 
instructor.  Such imperceptible interactions could have been easily missed during my 
observations.  However, as I reviewed the videos, the impression that stood out to me 
more than what the students did not do, was what they did do.  As Dr. Sanders 
lectured, the students were extremely focused.  They made constant eye contact with 
the teacher, concentrated on his lesson and his writing on the board, and compiled 
detailed notes, which they showed me during the post-interviews.  Many students were 
able to learn more by paying attention, including Sara, who stated, “I am a very visual 
learner and it is easy for me to learn how to do something by watching the teacher.”  
Previous research (Ladson-Billings, 2009; Stronge, 2007) were confirmed that   73 
working under the instruction of an experienced teacher facilitated students in being 
able to focus more in the classroom. 
 
Convenience of being able to work at one’s own pace 
  During traditional instruction, the majority of the students emphasized that an 
advantage of working independently was the convenience of working at their own 
pace (i.e., students who preferred to work quickly did not have to slow down to teach 
their classmates, or other students who did not have to deal with the pressure of 
keeping up with their classmates).  While acknowledging researchers (Blumenfeld, 
Marx, Soloway, & Krajcik, 1996; Cohen, 1986) who stressed the benefit of students 
cooperating with each other to overcome such difficulties, this advantage comes 
straight from the students’ perspective.  Chelsea stated, “I enjoy working individually 
more because you can actually see how much you know or have learned.  You can 
work at your own pace.”  During his interview, Adam explained how traditional 
instruction allows students to determine how well they comprehend the material with 
having the option of either working independently or asking the teacher for assistance. 
This affords students the opportunity to control their level of intrapsychological 
learning. 
Several students stressed the importance of working at their own speed not just 
to solve problems, but also to thoroughly comprehend it.  In her journal reflection, 
Sara wrote, “I enjoy working independently because I can take as much time as I need 
to figure out the problem in a way I can easily remember.”  Cassie supported Sara’s   74 
statement by describing how working individually puts her mind at ease while not 
feeling pressured by others, which allows her to more fully grasp the material.   
From my classroom observations, I noticed students working peacefully at 
their own pace; they did not look rushed, nervous, or pressured.  Returning to 
Bandura’s (1977, 1986, 1997) Self-Efficacy Theory, one of the four primary sources 
was physiological states, or one’s capability to cope with various emotional arousals.  
The participants strongly claimed that learning to overcome emotions and working 
stress free helped them gain self-confidence and self-recognition of their abilities and 
identity.  From the sociocultural theoretical perspective, recognizing students’ abilities 
by their classmates must follow performance of their competencies in concert with 
them, but the initial development can occur introspectively.  When asked to describe 
the advantages of working individually, Angela replied, “you are forced to do the 
work alone, and you can see exactly where your weak points are.”  She continued to 
expound that once you realize your weak points, you can identify what you need to 
study and capitalize on that to be a more cerebral student.  Jason added that 
developing your weaknesses and making them strengths could boost your confidence, 
which leads to the next benefit of traditional instruction.   
 
Increase self-efficacy by solving problems correctly without aid 
  The participants emphasized that the social nature of learning makes working 
independently more challenging than completing tasks in collaboration with others.  
Being at a loss when faced with a figurative roadblock can be frustrating and time   75 
consuming without the help of a classmate.  However, some students felt that working 
through a perplexing activity can be an effective way to learn and grow.  Rahul and 
Juanita stressed that working individually forces you to teach yourself and understand 
the material because you are unable to rely on a group mate.  Jason and Cassie 
clarified that although independent work challenges their knowledge, passing the 
challenge boosts not only their comprehension, but also their mathematics self-
efficacy.  The danger here is this sense of accomplishment may be fleeting dependent 
on continued success, but cannot be overlooked as a mechanism for development, as 
many students shared the same experience.  Dante said that traditional instruction “is 
good for the student to learn how to do things for themselves. Working through 
problems yourself is probably the best way to learn.”  He explained that during group 
work, it is not uncommon for students to rely on others. But, during traditional 
instruction, it is all on you to figure it out.  
  Recognizing the importance of not just doing the problems, but also 
remembering how to do them, Jin asserted, “I enjoy [working] individually, because if 
I answer questions by myself I can remember questions better.”  Adam described 
solving problems independently as being helpful for test taking because on the test you 
do not have your classmate to turn to.  Successfully solving problems independently 
will inevitably help students increase their self-efficacy to correctly answer problems 
on tests.   
When writing in her journal reflection about the effect of solving problems 
independently on self-efficacy, Chelsea expressed:   76 
While working alone, getting an answer correct boosts my confidence because 
I figured it out without any help.  The opposite happens as well (getting an 
answer incorrect).  The second is much more frustrating personally because 
I’m pretty stubborn so when I get an answer wrong, I tend to get a little 
frustrated and feel the need to give up as compared to working with 
classmates.  Your classmates can actually help to show you where you made a 
mistake and help you work through it to solve it correctly.   
 
  Here, it is important to note that Chelsea’s perceptions of solving problems 
independently only increased self-efficacy when she got the answer correct.  When she 
was unable to solve the problem, she grew increasingly discouraged.  Frustration from 
having no one to help out turned into a challenge of traditional instruction, which I 
will discuss in the next section.  
 
Three Challenges of Traditional Instruction 
Until the early 1980s, traditional instruction was the pervasive pedagogy of 
mathematics education.  However, as the reform movement began, many researchers 
criticized traditional instruction for restricting students to merely following teachers’ 
directions, rather than thinking critically and understanding conceptually.  Many 
educators adopted the sociocultural belief that students could learn more through 
interacting with classmates (i.e., discussing and doing), rather than what was seen as 
passive assimilation of knowledge.  Critics of traditional teaching implicated that 
limiting student interaction limited their growth and development, which ultimately 
inhibited students in cultivating a richer, deeper view of mathematics (Schoenfeld, 
2004).  In this study, the participants indicated that the three most dominant challenges 
of traditional instruction are the following:   77 
1)  No one to turn to when help is needed 
2)  Unable to learn multiple viewpoints from classmates 
3)  Difficulty understanding teacher led lectures 
 
No one to turn to when help is needed 
  There are myriad reasons why College Algebra is the most failed course at this 
particular campus, and each year out of approximately one million College Algebra 
students nationwide, about 50% of the students fail to pass with a grade of C or better 
(Gordon, 2008).  Among the competency related reasons for this statistic is students’ 
inability to contend with mental blocks while problem solving.  During traditional 
instruction, students often become extremely frustrated when they are left to fend for 
themselves when faced with difficulty moving beyond a convoluted portion of an 
activity.  For example, when asked about her perceptions of traditional instruction, 
Juanita replied that it is occasionally difficult “because if I don’t know how to solve 
the problem I just sit there without knowing how to solve it.  At least with 
collaborative I have others ideas helping me solve the problem.”  In response to the 
same question Angela responded, “you have to think about the problem on your own, 
and there is not anyone who can do the work for you.”  In this sense, investigating 
problems independently without the aid of others challenges students to think 
critically, which results in some students capitulating and failing to complete the work.   
  For students enrolled in the class who are carrying with them difficult 
experiences centered on mathematics, not having assistance from someone is   78 
daunting, which can lead to more negative impacts.  When considering having no one 
to ask for help, Adam wrote the following in his journal reflection: “It can also be 
quite intimidating working alone.  If you don’t understand how to do a problem, it’s 
easier to just quit, or move to things you understand.”  Sara and Juanita added that a 
limitation of traditional instruction is that if you are not able to receive help, then it is 
easy to get left behind in fast paced courses.  The video recordings and classroom 
observations revealed the physical manifestation of students’ discouragement.  
Students who got stuck would frequently put their pencils down and stare at the 
problem without any material evidence that rumination was ongoing.  Visibly defeated 
these students sat quietly waiting until the class discussed the answers.  Dante and 
Jason agreed that if students do not understand how to solve the problem, then it is 
stressful because they struggle to persevere in the face of repeated failures.   
Contrary to these students’ perceptions, scientists have pointed out the 
importance of students struggling with challenging problems to improve achievement 
and success rates.  Researchers at Rutgers University discovered that overcoming 
frustration by successfully solving problems leads to students feeling a sense of 
accomplishment and raising their overall confidence (Yeung, 2009).  However, several 
participants like Dante and Jason did not feel the same way and linked their repeated 
failures to a lack of intelligence, and consequently lowering their self-efficacy.  It is 
important to point out that not all participants in this study felt the same.  For instance, 
Angela commented that part of the fun of mathematics was facing challenging 
problems head-on.  Angela’s self-perception emphasized that overcoming adversity   79 
helped strengthen her competency and self-efficacy.  Perhaps adjusting the students’ 
outlook on the process to be more in-tune with Angela’s standpoint would lead to 
maintenance of their self-efficacy.   
 
Unable to learn multiple viewpoints from classmates 
  Learning multiple viewpoints or perspectives is tremendously helpful as it 
provides students the option to transition from one method to another until an effective 
analysis technique is realized.  Working with classmates during cooperative learning 
provides students with many opportunities to share and learn multiple solution 
methods.  Working independently does not afford students opportunities to be 
introduced to ways of thinking and knowing that are different from their own.  The 
majority of the students to varying degrees perceived this lack of exposure to new 
forms of logic as being a weakness.  Sara voiced the limitation by stating, “you don’t 
have the option of asking others for help or learning different methods.”  Rahul had a 
similar assessment offering that without having the option of learning different 
methods, his mathematical knowledge is limited to just what he knows. 
  Another disadvantage of not being able to share ideas with classmates is that 
students do not have anyone to check their work.  Students may think they are 
performing correct and logical steps, but that is not always the case.  Sometimes 
students make mistakes and not having the presence of a “fact checker” to correct their 
reasoning or analysis techniques could prove to be detrimental.  In her journal 
reflection, Chelsea wrote, “If you work a problem wrong, no one is there to   80 
check/compare your work so you might not know if you got a problem wrong unless 
you get feedback from teacher/homework.”  Through a sociocultural lens, constructive 
feedback is helpful in two ways: 1) Students receiving feedback can learn from their 
mistakes and discover more effective methods, and 2) Student providing feedback can 
gain confidence as they impart their knowledge. 
  Several students admitted that they struggle to thoroughly comprehend the 
material presented by the teacher unless they hear it explained multiple times.  
Vygotsky (1978) explained that a sociocultural perspective facilitates students in 
gaining a more complete understanding through interacting in various contexts.  One 
type of context is collaborating with peers in groups.  Classmates could fill this role by 
working together, but learning independently forces students to be creative in and out 
of the classroom by asking the professor for further explanations, searching for video 
lectures online, asking classmates for help after class, or visiting the mathematics lab.  
When asked during the interview how receiving help from classmates impacted her, 
Juanita responded, “I need to have things shown and explained to me multiple times in 
order for me to understand it.”  Juanita proceeded to explain that not having a 
classmate to discuss and explain problems with resulted in perplexing situations when 
she became utterly lost.  Similar to Juanita’s explanation, Cassie expressed 
unfavorable perceptions on learning independently, particularly when getting stuck 
and discouraged, which caused her self-efficacy to drop.  Cassie added that when she 
got lost she preferred cooperative learning so she could ask her classmates for 
clarification.   81 
 
Difficulty understanding teacher led lectures 
  Acknowledging that mathematics instructors have different levels of teaching 
abilities, the students praised Dr. Sanders’ clear teaching style.  Dante complimented 
Dr. Sanders by saying, “The teacher in this instance was really good and I could really 
understand what he was trying to teach.  So, when he taught I listened and most of it 
made a lot of sense.”  Jason and Adam described the teacher as having great overall 
teaching strategies and that he surpassed expectations by being patient, supportive, and 
available to his students.  Cassie added, “He’s willing to help you.  He’s very nice.  
The way he just does his lectures makes you pay attention versus being just very 
monotone.  He’s very excited about it, I guess, versus a teacher who just reads off a 
slide.”   
The classroom culture created by such an educator portends that students will 
be able to have increased teacher-student interaction to prepare them for the 
intrapsychological learning they engage in both during and subsequent to lecture.  
Professors who recognize the social and situated nature of learning can make 
traditional teaching more socially likely through engaging presentation styles, 
culturally competent exchanges, and an overall dialogue-welcoming demeanor.  The 
classroom observations showcased the professor as being a gregarious teacher, 
regularly teaching with a smile.  Cassie asserted that the teachers’ affable personality 
motivated her to pay attention, which helped her to further grasp the material.   82 
  Although Dr. Sanders’ lectures were easy to follow, moments did occur when 
students did not understand everything.  Sara stated, “I feel I learned more from 
collaborative just because sometimes what [Dr. Sanders] was saying was a little fuzzy, 
but when you work through it with someone else you found easier ways to do it.”  
When students did not understand the lecture, Dr. Sanders gave them opportunities to 
ask questions, and then patiently and clearly addressed them.  Angela commended the 
teacher for his approachability to the point that she felt very comfortable asking him 
questions.  Juanita added that Dr. Sanders “would help a lot if you honestly didn’t 
understand it.  He would be there to walk you through it a bunch.”  Being “nice” and 
“approachable” were commendable characteristics of Dr. Sanders, but again, how well 
students actually understand lectures depends heavily on the teaching style and 
personality of the professor.  Not every teacher will be as “nice” and “approachable” 
as Dr. Sanders, so students may not feel as comfortable asking questions.  Adam 
summed it up perfectly by saying, “I think in the end it really depends on the 
circumstances.  Some professors work great in a lecture setting, while others do not… 
If you get the wrong professor, it can be devastating.” 
Out of the 10 participants, the students who had the most difficulty 
understanding the lectures were the two English as a second language (ESL) students, 
Rahul and Jin.  Rahul explained that there were moments when as much as he tried to 
understand, he would still “miss a lot of information which [led to poor performance] 
in the next chapter or lesson.”  Similar to Rahul, Jin stressed that although he would 
take detailed notes, he “couldn’t understand questions well by myself.”  Jin expounded   83 
that while the “examples [Dr. Sanders] gave us were all very important,” he felt “more 
comfortable in group work, because I can have chance [sic] talking to each other.”  
Jin’s statement leads to an advantage of cooperative learning, where peer-to-peer 
dialog is the intended strategy used to solve challenging problems.   
 
Three Benefits of Cooperative Learning 
Sociocultural theorists have praised group work for cultivating human 
development and establishing supportive learning environments (Vygotsky, 1978, 
1987).  Mathematics educators point out that interacting with classmates during group 
work enriches versatility in problem solving and strengthens comprehension.  
According to the students’ perceptions, the three most prevalent benefits of 
collaborative learning are the following: 
1)  Successfully solve problems: Enhance self-efficacy 
2)  Discuss multiple methods, gain multiple perspectives  
3)  Increase social capital for future implications 
 
Successfully solve problems: Enhance self-efficacy 
  In contrast to the prevailing disadvantage of isolated problem solving faced by 
students in traditional instruction, a significant advantage of cooperative learning is 
strength in numbers.  The sociocultural benefits of clearing up confusion with the help 
of a classmate should not be minimized.  Through a sociocultural lens, group work 
plays a key role in optimizing interaction, which helps students investigate and solve   84 
problems.  Cassie said, “While I’m trying to learn a topic I would rather work in a 
group to ask questions,” and if she does get stuck, then “it also guarantees that I get 
help if I do not understand something.”  When asked which pedagogy she prefers, 
Juanita answered, “Collaborative.  Because if I didn’t know the answer to something, 
somebody else like knew it, then we kind of just bounced ideas off each other.”  
Bouncing ideas off of classmates became a common theme with students benefitting 
collectively from combining their mathematics knowledge.   
In her journal reflection, Juanita added that cooperative learning “allows me to 
ask questions when im [sic] confused and I also get to see how others solve the 
problem.”  From a sociocultural perspective, this is significant because it shows how 
students can learn from their peers through scaffolding (Wertsch, 1985, 1991).  As 
students learn material from their classmates in their respective ZPD (Rogoff, 2003), 
help is tapered off until students can solve the problem without aid.  Through 
scaffolding, students can advance their knowledge, gain more confidence in their 
individual problem-solving ability, and develop interpersonal skills necessary to thrive 
in a collaboration-driven STEM community. 
  Several students asserted that cooperative learning was especially useful if they 
want to clarify or double-check their work.  Jason stated, “I enjoy working with 
groups because I can get help from other students who know the material better than 
me.”  Chelsea and Dante said that it was a confidence booster to check their work with 
their classmates and find out they did it correctly.  Rahul added that sometimes he 
misses subtle, yet vital information, which his classmates can catch and correct.  He   85 
explained, “I enjoy working in groups.  As I said before, the group can let everybody 
sharing [sic] their ideas and if you miss understand [sic] something you can explain to 
others.”  Checking answers as a team provided students with opportunities to 
strengthen their self-efficacy by justifying their own solutions or correcting their 
classmate’s work. 
  While working in groups, moments regularly occurred when students coached 
their classmates on problem solving strategies.  The students receiving help were for 
the most part grateful to have their classmates explain the material to them.  While no 
student admitted to feeling ashamed at failing to initially grasp the concepts, several 
students did feel like they were holding back their group.  In retrospect, however, 
these students were thankful for their classmates for providing them with insights and 
suggestions.  For instance, Jason said, “Last week during the review I worked with 
[Adam] and he showed me some fairly decent pointers to understanding the material 
better and it helped me out greatly on the exam.”  Cassie stated that a plus of 
cooperative learning was working with classmates and “getting help whenever you 
need it.”  Receiving pointers from classmates was beneficial in students understanding 
concepts they were not able to by themselves.   
When I asked the students who taught their classmates what they got out of 
explaining the material to others, the underlying response was teaching others helped 
solidify knowledge and build self-efficacy.  They retained information more by 
explaining it to others than by just keeping it to themselves.  Jin was one of the 
participants who frequently enlightened his classmates with solution methods, so I   86 
asked him what he got out of it.  Jin replied, “I can teach my partners, it let [sic] me 
feel good.”  I asked Jin what he meant by feeling good, to which he responded, “I feel 
more confident.”  Sara was another student who frequently taught her group members 
how to solve problems.  She articulated that teaching others helped increase her self-
efficacy because “when you have to explain something to someone you know that you 
have an actual understanding of the material,” which gave her “more confidence when 
you’re doing it.”  
Parallel to Sara’s statement, Angela reported that teaching others did not just 
increase her self-efficacy, but it also helped reinforce her mathematics comprehension.  
Angela stated, “I feel much more comfortable in a collaborative setting, because this 
way I am learning as well as teaching the material in the same setting.”  She also 
asserted that explaining material to her peers absolutely helped her “because I am 
confident in my ability to not only do it but also explain it.”  Rahul added that teaching 
his classmates “means the idea I gave will stick in my head.”  Juanita often explained 
material to her classmates, and she said she liked teaching others because “once I was 
able to explain it, then it was like, OK, it’s all clicking.  And then, I really got it.”  
Dante compared teaching others to writing: “I like to think of it as if you write 
something down and you hear it, then you’re more likely to remember it.  Same kind 
of thing, I think it’s even better to teach it right after you learn it.  So then that way 
you really understand the material.”  The participants indicated that teaching others 
helped increase not only their self-efficacy, but also their mathematics comprehension 
and ability to remember the material.     87 
The video recordings showed numerous incidents when a student would get 
stuck on a problem and not have any idea how to proceed.  The student would then ask 
his or her group members for help, and they would willingly explain how to correctly 
solve the problem.  For example, one situation featured Cassie attempting to solve the 
following quadratic inequality problem: 
Find the solution set for x.  x
2 −6x+9 <16  
To solve the problem, Cassie performed the following steps: 
x
2 −6x+9−16 <16−16 
x
2 −6x−7< 0  
(x−7)(x+1)< 0 
Zeros are 7 and −1 
At this point, Cassie got stuck and did not know how to proceed.  So, she 
approached Juanita, and the following dialogue occurred: 
Cassie: Hey Juanita, I need help. 
Juanita: Yeah, no problem. 
C: Is this correct so far? 
J: [looks over Cassie’s answer].  Yeah, that’s good so far. 
C: What do I need to do next? 
J: Well, you could make a graph. [draws the parabolic graph with zeros at 7 and -1].  
Because, it’s less than zero, you shade the part of the graph less than zero.  So, your 
answer is (-1, 7). 
C: [Cassie’s eyes light up as she begins to understand].  Oh, OK.   88 
J: Does that make sense? 
C: [smiling].  Yeah, I think, yeah, I think I understand what you’re saying. 
The conversation concluded as Juanita and Cassie share a laugh together as 
they are happy to realize that now they both understand how to solve the problem.   
 
Discuss multiple methods, gain multiple perspectives 
  Collaborating with classmates provides students opportunities to learn multiple 
solution methods, and consequently, gain multiple perspectives of how to analyze and 
solve problems.  Students claimed discussing multiple methods and gaining multiple 
perspectives helped them become more versatile, and if they ever got stumped using 
one method, then they could always switch to another.  Adam said he likes 
cooperative learning because “It’s nice to see other people’s views and approaches to 
solving problems,” and “when we are forced to break into groups, and study together, 
it allows multiple viewpoints to merge into one cohesive group.”  Adam asserted that 
he enjoyed learning multiple viewpoints from his group mates because he was able to 
become a more proficient and refined student.   
In his journal reflection Dante expounded on the importance of learning 
multiple methods by writing, “When you group up with someone you need to not only 
understand your own way of learning but also understand everyone elses [sic] point of 
view which can be more educational in the long run.”  When asked to name two 
strengths of collaborative learning, Angela responded, “I personally like collaborative 
learning, because you get to see all sides of the problem, and not just yours and the   89 
professors,” and “I like working in groups, because you never know what someone 
else can bring to the table.”  She said she likes learning others’ perspectives because 
“you can teach each other, and you can learn new and exciting things working in a 
group.”  The video data confirmed Angela’s responses because when she worked with 
her partners she eagerly engaged to do her best in answering problems.  She also 
provided her group members ample time to teach her their solution methods, and in 
turn, she enthusiastically explained her perspective.  An exchange between Angela and 
Adam took place while solving for the value of f(1) in the following piecewise 
function: 
f(x)=
x+1if 1< x ≤ 5
−x−2 if x ≤1
#
$
%
 
Adam: So… I don't know how to get f(1). 
Angela: Because there are two ones? 
Ad: Yeah, I mean, both the top and bottom intervals have ones.  Do I plug one into 
both functions… or just one of them? 
An: That is tough… Well, only one interval actually includes one because it’s x is less 
than or equal to one.  The top interval doesn’t include one because it’s x is greater 
than one. 
Ad: So, you plug it into the bottom? 
An: Yes!  That’s correct. 
Ad: OK, so let’s see. [writes the following on his paper].   f(1)=−1−2 =−3.  Is that 
right?   90 
An: Yeah, good job! [smiles]. 
  From this interaction, Angela demonstrated how she engages in the work while 
enthusiastically encouraging her classmates.  As soon as Adam obtained the correct 
answer, Angela displayed a smile along with verbal support. 
Another important benefit of discussing multiple methods with classmates was 
that it affords students the opportunity to ask questions in a non-intimidating context.  
Many students are hesitant to ask for help during lectures for fear of exposing their 
deficiencies in front of their peers.  Others may not ask for help due to their cultural 
norms prohibiting their from such self-serving.  However, collaborating with 
classmates in groups helps minimize those reasons and opens doors for more 
interaction and participation.  Juanita wrote in her journal reflection, “I prefer 
collaborative learning because it allows me to ask questions when im [sic] confused 
and I also get to see how other solve the problem.”  Jason added the following 
comment: 
I do like [how] the collaborative works because it gives me a more diverse 
work environment.  Also, if I have a question I can ask a group member who 
can assist me.  Though the instructors are very good about answering questions 
in class it can delay the lecture for the other students.  I enjoy working with 
groups because I can get help from other students who know the material better 
than me.  I never typically work individually when it comes to math I am 
always getting help from a friend or a tutor. 
 
  While observing the classroom, I spotted Jason frequently receiving help from 
his group members.  Jason later told me that if he did not have the help from his 
classmates this class would have been even more difficult, and he did not know 
whether or not he would have even passed the class.   91 
 
Increase social capital for future implications 
The previous benefits of cooperative learning occurred in the real-time; 
however, group work has forthcoming effects, as students built lasting relationships 
and increased their social capital for future coursework.  Working collaboratively 
provides students with opportunities to practice team-building strategies and gain 
knowledge of team dynamics so they can be better prepared to work in teams in the 
future.  This is a significant development given the necessity of group study to meet 
learning expectations in upper level STEM courses.  While studying diverse Calculus 
students, Treisman (1992) discovered that Asian students regularly created fruitful 
partnerships adept at productively exercising team-building skills.  These students not 
only learned how to create effective teams, but also how to thrive in groups, a strategy 
they could parlay into future success in both secondary education and their careers. 
Sharing techniques with classmates provided students the motivation to 
discover new approaches to problem solving.  Chelsea explained that working with her 
group members encouraged her to work harder so she could “compare [and] share 
answers,” and “teach group members what you know,” because it is “beneficial to 
implementing and gaining knowledge.”  Cassie stated that collaborating with group 
members urged her to “practice and get help from my peers.”  Receiving and giving 
help provided students with abundant opportunities to feel more comfortable in the 
classroom, as Sara asserted, “I also feel more comfortable with learning new   92 
techniques after having to do group work.”  Working closely with classmates helped 
students to strengthen their relationships and ultimately increase their social capital. 
  Regarding social capital and working effectively with classmates, Juanita 
stated, “It just shows that I can be open and work with people easily, especially in a 
classroom setting.”  Angela added, “Now I am not nearly as shy around people I 
know, and I know that I can always bring something to the table.”  Juanita and Angela 
pointed out that doing mathematics regularly with classmates made them more 
comfortable working with others, thereby enhancing their social capital.  Dante 
provided an intriguing perspective when he asserted, “I really like working with 
people because I am a very social person, however if I want to get something done fast 
then I will do it myself.  If I want to understand something better I [prefer] group 
[work].”  According to Dante, traditional instruction and cooperative learning both 
have their respective advantages, but one benefit of collaborative learning he 
identified was “everyone learning from each other and meeting new people you may 
like.”  He said this was especially beneficial if he were to be in the same class as his 
peers in the future, then he would be more comfortable and willing to work with them.   
  The two ESL students, Rahul and Jin, said they feel comfortable in cooperative 
learning because if they have questions on the wording of the problem, then they can 
ask their classmates for clarification.  In his journal reflection Rahul wrote that he 
feels “more comfortable with the collaborative setting because I feel that the lesson 
can understanding easly [sic] and it will make it more fun.  Also, if the student can’t 
talk or ask the teacher, he can ask his or her classmate.”  While the professor is   93 
lecturing at the front of the class, a classroom norm is that talking to a classmate is 
generally discouraged because the teacher may think the student is talking out of turn 
and/or distracting his or her peers.  When asked which pedagogy he prefers, Rahul 
replied, “Collaborative.  Yeah, because you can work with classmates to discuss 
problems.  And, if there’s some misunderstanding of the problem, then we can 
understand it together.”  Similar to Rahul, Jin stated that he prefers “group work 
because I can talk with others and sometimes, I cannot understand the question well 
and my partner can help me to understand it.”  Both ESL students enjoyed cooperative 
learning because working with their peers helped to advance not only their 
mathematics skills, but also their English proficiency.   
  Collaborating in groups helped students develop friendships and eventually 
establish a supportive classroom environment.  As the term progressed, students grew 
more comfortable with their classmates, and subsequently, a pathway was created for 
students who had questions to ask their classmates for help.  The video data 
strengthened this finding because it is evident that there was a big difference in the 
students’ relationships from the start of the term to the end.  During week one when 
relationships were not yet established, it was a rarity for students to hold lengthy 
discussions with their classmates.  However, as students grew closer to each other and 
relationships were formed, the video recordings indicated students being much more 
approachable and comfortable.  For example, while learning about graphs of different 
polynomials, students separated into groups where the teacher asked them to create 
and match a “math story” to a graph.  The students worked well together and   94 
completed their stories to match to a graph.  Then, the teacher asked the students to 
present their story to the class.  With the teacher at the white board, labeling the graph, 
Chelsea, Sara, and the teacher had the following conversation: 
Teacher: So, which graph did you select? 
Chelsea: We did… 
Sara: Graph three. 
C: Yeah, graph three. 
T: OK, so what’s the story? 
C: So, we, uh, decided to make graphic tees, and solve for profit.  So, we started off 
with x as the time in months, and then y is the amount of money made.  We started off 
at $1,000.  
T: This is money? [pointing to the vertical axis]. 
C: No, profit. 
T: And this is? [pointing to the y-intercept]. 
S: That’s 1,000 in January. 
T: OK, so t = 0 is January. 
C: And then in February we made around 2,000. 
T: Oh, is that here [pointing to the local maximum]. 
S: Oh, that’s March, actually. 
T: This is March? 
C: Yeah, so that’s at 3,000. 
T: [labeling the graph].  OK.   95 
C: And then, you go back down in April. 
T: Oh, why is that? 
S: Because nobody wanted them anymore. [laughs]. 
C: And then we decided to make a Facebook fan page, and then it went up in sales and 
profit in May and June, it went up to 5,000. 
T: OK, now if you wanted to track the amount of money made and the number of t-
shirts sold, which one would be the y, the t-shirts sold, or the money that you get from 
the t-shirts sold? 
S: [pause]. Would it be the number of t-shirts, right? 
T: Uh, so your choices would be number of shirts and money from selling it, or I’ll 
call it revenue.  Which should be on the y-axis, the number of t-shirts sold or the 
revenue? 
S: The revenue? 
T: Revenue, because… 
C: Because, like the number of t-shirts will stay, but like, the revenue is the one that 
goes up and down. 
T: Ummm. 
C: Can that work? 
T: So, the revenue does go up and down.  The revenue depends on how many shirts 
you sell.  If I sell five shirts at $10 versus selling a hundred shirts at $10, the revenue 
would be more.  So you always think about which one depends on the other.   96 
This conversation showed the development of the budding relationship 
between Chelsea and Sara.  At the beginning of the term, when Chelsea and Sara 
formed a group, despite the teacher’s continuous encouragement to actively engage 
and discuss the problem, the dialogue between them was sparse.  As the term 
progressed and Chelsea and Sara collaborated more regularly, they established a 
comfortable relationship with each other where they would eventually hold lengthy 
discussions like the example above.  
As the participants collectively established and maintained relationships with 
each other, they became more willing to help each other succeed.  After observing 
Adam explain a problem to Jason, I asked him what his feelings are regarding teaching 
others.  His response revealed the benefits of teaching classmates:  
A couple of the other students in the class had an issue with the test last week 
and asked me about it.  One of them even came up to me after class asking for 
extra help.  Yeah, it’s good to have that freedom where someone feels free to 
walk up to you and say, hey, I’m having an issue here, can you help me out.  It 
works, it’s great. 
 
This example provided by Adam encapsulated a paradigm shift of establishing 
and maintaining a supportive classroom environment where students feel comfortable 
teaching, approaching, and collaborating with their peers.  Through interacting in 
groups, students can increase their social capital to benefit themselves academically 
and professionally in the short and long run.   
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Three Challenges of Cooperative Learning 
Geertz (1973) described sociocultural theory as learning through an ongoing 
process dictated by the individual interacting with others and the environment.  Within 
social and cultural contexts, thinking and doing become intertwined (Rogoff, 2003; 
Wertsch, 1985, 1991).  In order for cooperative learning to optimize growth and 
development, students must be capable of working harmoniously with their 
classmates.  Sometimes this may be difficult for various reasons, as the students 
indicated that the three most prevailing challenges of cooperative learning are the 
following: 
1)  Unwilling/unmotivated group members  
2)  Possibility of embarrassment 
3)  Takes more time and effort 
 
Unwilling/unmotivated group members 
  The most reported challenge of cooperative learning as perceived by the 
participants is having an unwilling and/or unmotivated group member.  Unfortunately, 
ever since the inception of cooperative learning, this has been a difficult challenge to 
tackle (Johnson & Johnson, 1990; Slavin, 1995).  Most of the students stated that they 
did not have any problems working with their group members in this class; however, 
there were isolated reports that working with their classmates could be frustrating.  
Reasons they provided included group members who relied on others to do the work, 
solved problems at a slower speed, or people they did not get along with.  While   98 
Adam reported that he did not have any problems with group members in this class, he 
explicitly explained the importance of having the “right group” as the following: 
You really need to find the right group.  If you don’t get along with other 
students in your group, it can be very frustrating.  It is also very challenging if 
someone in your group is either way behind, doesn’t understand the material at 
all, or just doesn’t put in the effort/do the work.  This is especially true if you 
have to turn in an assignment as a group.  If you do all of your work, but your 
partner doesn’t do his/her’s you will still get a bad grade.  Even though you 
worked hard, and got your part done, you will fail.   
 
  Other students’ reflections meshed with Adam’s statement, accentuating the 
success of cooperative learning as partly depending on their group members.  Dante 
claimed that occasionally cooperative learning “did me well.  But other times I don’t 
think I got much.  It depended on who I was working with.”  He added, “I think I 
obtain more when I work at it myself instead of trying to understand where everyone 
in the group is coming from.  I feel like I am babysitting more then learning the 
material, making sure everyone is participating and doing everything they are suppose 
[sic] to do.”  From the classroom observations and video recordings, it is important to 
note that Dante was one of the rare students who I considered to be a “roamer,” 
someone who did not have a regular set of group members, but instead switched 
groups from day-to-day.  After the study, I performed a member-check with Dante, 
and he confirmed he regularly switched groups with the following reasoning in mind: 
I have always liked working with different people.  I have found that it not 
only helps me learn the material in other ways.  It also is nice getting to know 
every ones [sic] personality.  I enjoy talking with all sorts of people and getting 
to know them.  I know myself and in order to do things that aren’t that exiting 
to me like math I need to have human contact to keep me entertained.   
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  Dante’s responses indicate that cooperative learning features both strengths 
and weaknesses.  Advantages include opportunities for him to meet and work with 
new people while gaining diverse perspectives to keep him “entertained.”  Meanwhile, 
disadvantages consist of sometimes working with group members who are not as 
enthusiastic as he is where he feels like he is “babysitting.”   
  A weakness of implementing collaborative learning could be when a student 
solely relies on the group to complete the problem.  This becomes problematic 
because the student is not being responsible in fulfilling his assignment, and therefore, 
not contributing to the group’s success or gaining self-efficacy.  Angela asserted that a 
drawback to group work is when students are lazy and “don't have to do the work, 
because someone else can pick up the slack, and you are not really able to see what 
you know and what you don't know.”  According to Johnson, Johnson, and Smith’s 
(1998) previously discussed description of cooperative learning, the first two 
components are to achieve positive interdependence and individual accountability.  
Students who are unsuccessful in accomplishing these attributes are more than likely 
going to be ineffective group members.   
Juanita and Sara explained that another disadvantage of cooperative learning is 
when one group member attempts to do all the work single-handedly.  Juanita stated 
that she dislikes group work when “someone else is doing the work, you may not 
catch on to what is being done and also maybe the whole group may just be doing the 
work wrong.”  Sara added a shortcoming is when “usually only one person does all the 
work and you don’t have the option of really working at your own pace,” and Chelsea   100 
added that a problem could be that “group members might not work at the same pace 
as you.”  It would be unrealistic to argue that every student will always work at the 
same pace, but students working faster than others leave a looming window open 
where the slower working students may become embarrassed. 
 
Possibility of embarrassment 
  A common fear of many college students is becoming embarrassed in front of 
peers.  There are myriad of reasons why students may experience this emotion during 
group work.  For example, this is a collaborative environment, yet students are still 
interacting while harboring the legacy of preexisting insecurities related to 
mathematics competency.  Moreover, the overall context of American culture suggests 
that we should strive to be the leader.  Performing subpar in relation to peers may lead 
to verification of these insecurities or feelings of public failure.  Participants in this 
study perceived the emotions such instances bring as a weakness of cooperative 
learning.  Juanita said there were moments during group work that “I feel less 
confident because [my classmates] need to help me get a better understanding and I 
am just slowing their rolls.”  Chelsea claimed that one of her “pet-peeves” of group 
work was slowing down her classmates because of two reasons: 1) She felt like she 
was holding them back, and 2) She felt pressured to keep up. 
  The following exchange took place during my interview with Cassie: 
Interviewer: And, do you like working better individually or in groups?   101 
Cassie: I like working with groups when I understand it, but when I don’t I just 
like working by myself.  
I: Why do you like working better with groups when you understand it? 
C: So I can contribute and look smart. 
  From this conversation and through member-checks with Cassie, I discovered 
that she prefers group work when she knows what she is doing so she can “contribute” 
and look “smart.”  On the other hand, when she does not understand the material, and 
therefore, does not want to be embarrassed, then she prefers to not participate in 
collaborative groups.  Going back to Johnson, Johnson, and Smith’s (1998) 
description of cooperative learning, the first essential point is the group’s positive 
interdependence, where the camaraderie and cohesiveness of the group members play 
an integral role in the success of cooperative learning.  Adam stated, “I think in the 
end it really depends on the circumstances.  Some groups work great in the peer 
environment, some do not.  If you get the right group, it can be fantastic.”  For the 
group to succeed and to minimize embarrassment, it is necessary for all group 
members to respect each other.   
  Another reason that leads to students becoming embarrassed is getting 
confused between the different ways the teacher and group members solve problems.  
When asked whether he felt traditional instruction or collaborative learning was more 
critically challenging, Jason answered:  
For me it can be collaborative because so many people have different ways of 
doing things.  For example working with Adam he didn’t like using fractions 
as Dr. Sanders does so he uses decimals and it made things just a little bit   102 
harder for me, but he was kind enough to do the fractions as I did with tutoring 
with Dr. Sanders.  
 
While Jason acknowledged that in the long run it was beneficial to know two 
different ways of solving problems, he stated that in the short term, it was difficult to 
distinguish between the two because it took more time and effort. 
 
Takes more time and effort 
  Several students felt collaborative learning was challenging because it took 
more time and effort than traditional instruction.  They pointed out that it took longer 
to discuss problems with classmates, explain the analyses to each other, and ascertain 
everyone was on the same page.  Sara stated that a hindrance of group work was that 
“you actually have to discuss what you just learned and show how to do what you 
learned.”  Students participating in groups must think not only for themselves, but also 
for their fellow group members, which caused some students to feel frustrated.  
Contrary to these students’ opinions, researchers indicate that in order to improve 
achievement rates, it is important for students to experience frustrating moments.  
Overcoming these moments by successfully solving problems leads to students 
gaining a sense of accomplishment (Yeung, 2009).  Furthermore, the frustration in this 
instance is due to the challenge of becoming accustomed to group dynamics, a 
necessary endeavor from a sociocultural standpoint.  However, several participants 
disagreed with the researchers as they attributed adversity to forming a roadblock and 
making mathematics difficult.  Chelsea elucidated it as follows:   103 
I think working collaboratively is more challenging as far as thinking critically, 
because when you work independently, you put forth your work and think of 
whatever comes up at the top of your head, however when you work with 
others, it forces you to think and try to explain your own thoughts and thus 
allows you to think thoroughly about work or ideas.   
 
  While students inputted that group work generally took more time to complete 
a problem than traditional instruction, they also acknowledged a critical caveat: this 
statement was true only if they knew what they were doing.  If students did know how 
to solve a problem, then they preferred group work so they could ask their classmates 
for help and clarification. 
  Based on the benefits and challenges discussed for the two pedagogies, it is 
evident that both strategies have their strengths and weaknesses.  Dante summed it up 
as follows: “If I want to get something done fast then I will do it myself.  If I want to 
understand something better I [prefer] group [work].”  The prevalent perception of the 
students was that it behooved them to find proper balance between the two 
pedagogies, using a hybrid classroom model, which I will discuss more elaborately 
later in this chapter. 
 
RESEARCH QUESTION 2  
What evidence exists indicating the role of discourse in improving diverse students’ 
abilities to learn and do mathematics? 
  To attend to the second research question, I focused my investigation on the 
data that highlighted students interacting through discourse, particularly the classroom 
observations and video recordings (student interactions), journal reflections (students   104 
writing about their interactions), and interviews (students speaking about their 
interactions).  I used the constant comparative data analysis method, and performed 
triangulation, member checks, and inter-rater reliability to strengthen the study’s 
validity and reliability.  In this section, I will present literature on discourse 
encompassing the benefit and impact it has on student development.  Then, through a 
sociocultural lens, I will discuss evidence of the participants’ perceptions of discourse 
and juxtapose it with the literature. 
 
Discourse promotes students’ cognitive development 
The NCTM (1991) describes discourse as teachers facilitating and students 
engaging in “ways of representing, thinking, talking, agreeing, and disagreeing” (p. 
34).  According to the NCTM (2000), “communication is an essential part of 
mathematics and mathematics education” (p. 60).  Since the NCTM published new 
material promoting discourse, many educators have implemented the usage of 
discourse into the curriculum.  Research indicates that learning through discourse is 
central to helping students develop their mathematical understanding and skills.  
Discourse has helped students summarize and synthesize mathematics (Chaplin, 
O’Connor, & Anderson, 2009), and improve their cognitive development (Cobb, 
Wood, & Yackel, 1993; Knuth & Peressini, 2001; Yackel et al., 1991).   
In this study, the students’ perceptions on discourse aligned with prior 
research.  The participants emphasized that discussing mathematics with their 
classmates improved their abilities to do mathematics.  Through engaging in   105 
discourse, students were able to cultivate their mathematical analyzing skills and 
strengthen their classroom performance.  One particular journal reflection question 
read: “Do you feel discussing math with your classmates helps you?”  The students 
unanimously responded affirmatively.  They specified that discussing mathematics 
collaboratively with their peers refined their skills so that they were able to become 
more complete students.   
  Jason’s response to the aforementioned journal question was: “Absolutely!  It 
always helps to have many approaches to solving a problem.  If I have one way of 
going about things, you have another and a 3
rd person has yet another, all combined 
we will have an entire arsenal of tools at our discretion.”  The classroom observations 
and video recordings indeed showed Jason benefitting from discussing mathematics 
with his classmates.  Although Jason often struggled with solving problems from the 
beginning of the term, he was always an active participant, asking his classmates for 
their suggestions.  When Jason did understand the material, he tried his best to explain 
solutions to his classmates and make sure they clearly comprehended what he was 
saying.  Video data showed Jason as being patient with both himself and his 
classmates.  He would not try to rush through problems, and he never pressured his 
classmates to hurry up and finish the problem.  In the post-interview, I asked Jason, 
“So, compared to the start of the term, do you now feel more comfortable doing 
math?”  He responded, “A little bit.  I mean, I’ve gotten better at it and the light has 
been clicking on every now and then, like, wow, I remember slightly how to do this 
from high school.”  Here, we can see how student discourse benefitted Jason in   106 
learning, doing, and remembering mathematics, which was substantiated through 
quantitative analysis.  While Jason’s pre-MSES score of 4.91 was the third lowest in 
the class, by the end of the term, his post-MSES improved to 6.32.  Taking all 
participants’ survey scores into consideration, his score change of +1.41 was the 
second largest increase.   
  In examining the effect of collaborative learning, researchers have discovered 
that the mere presence of discourse does not guarantee mathematical comprehension.  
Studies have determined that the quality of discourse has a major impact on fostering 
conceptual understanding (Kazemi & Stipek, 2001; Whitenack & Yackel, 2002).  In 
Ball’s (1993) study on using classroom discourse, she discovered that in order to 
optimize the quality of discourse, students must capitalize on “doing” mathematics.  
Students must be active participants in “doing” mathematics by analyzing, discussing, 
justifying, and defending ideas.   
  Several students commented on the effectiveness of “doing” mathematics by 
talking through problems with group members.  This allowed them to teach and learn 
insights, as well as understand problems more thoroughly.  While taking field notes in 
the classroom, I observed Dante regularly expressing his ideas to his classmates to 
understand the subtleties of various problems.  He passionately engaged with his 
group members and ensured he was explaining his solution methods clearly and 
logically.  Dante wrote in his journal: “I think it is good to help learn what needs to be 
learned.  By saying what you just learned out loud it helps your brain to remember the   107 
information.”  His analyzing skills improved by voicing his thoughts “out loud,” 
which helped him gather mathematical acumen on “doing” mathematics. 
  To advance mathematics understanding, students agreed that discourse helped 
them learn different methods and viewpoints.  In his interview, Adam said, “It helps to 
open your eyes to new techniques and methods for solving problems.  If you have 
many tools available, the odds are you’ll have the one you need to complete the job 
placed in front of you.”  The video data confirmed Adam teaching and learning 
multiple viewpoints.  While collaborating with Dante on an absolute value problem, 
Dante performed the following steps: 
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D: [Dante does not know how to complete the right side of the problem and looks 
toward Adam].  So, after this one, real quick, does this just cancel out and you put the 
2 down here? 
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D: So, it’s 2x + 27, and then you just work it out from there? 
A: [glancing at Dante’s paper].  Yeah, yeah, that’s right, I mean I just did it a little 
differently.  I just subtracted the 9 first.  
D: Oh, yeah, yeah.  But, it shouldn’t matter, yeah? 
A: No, I don’t think so.  Because you still minus 27 from 30. 
D: Oh, that would matter then… 
A: Well, wait.  Oh, because it’s negative 10, so it will be negative 30. 
D: [looking at his work and thinking].  Yeah, that’s right. 
A: Yeah, yeah.  So, it wouldn’t matter.  Both would be right. 
D: Yeah, thanks.  [nodding his head]. 
In this interaction, not only did Adam explain to Dante how to complete the 
problem, but he also introduced a new solution method.  Now, both students 
understand how to solve the problem using two different solution paths.   
After this discussion took place, I asked Adam and Dante separately what they got out 
of it.  Adam replied, “It’s nice to see other people’s views and approaches to solving 
problems” because “it allows multiple viewpoints to merge.”  Dante responded, 
“When you group up with someone you need to not only understand your own way of 
learning but also understand everyone else’s point of view which I think can be more 
educational in the long run.” 
Sara described the importance of collaborating with classmates: “I feel 
discussing math and working through problems with classmates helps us to learn 
equations and their applications a lot easier.  It also provides different ways to learn   109 
how to solve different problems.”  Chelsea noted that discussing mathematics with 
classmates definitively helped her to “think differently” and “ask questions and seek 
help if needed.”  She expressed, “[Discourse] encourages you to put your own input 
into the discussion.  Whether it’s explaining a problem or asking for help, discussion 
with classmates is always helpful and will strengthen your academic performance.”  
Classroom observations indicated that students who learned different methods were 
more effective when doing mathematics because if they forgot one method, then they 
could lean on another.  This helped them to be more versatile students, which they 
noted especially helped them when taking tests.   
  An important component of discourse was that not only did it help improve the 
students’ personal mathematics comprehension, but it also helped develop their 
classmates’ learning abilities.  In an interview with Angela, she discussed her personal 
and classmates’ improvements through talking mathematics with them: “I honestly 
believe that working through problems with my classmates helps develop and also 
improves my math skills, because I am absorbing the information from several 
different people, as well as, helping others who do not know how to complete the 
task.”  Angela also asserted the importance of discourse: “I truly feel that discussing 
math with my classmates helps strengthen my academic performance by learning the 
materials, working through the material, and then teaching others the materials that 
they might not have otherwise understood.”  The classroom observations showed 
Angela focused on the material and working hard to help her group accomplish the   110 
given tasks.  She accentuated that teaching others boosted her confidence and helped 
her remember how to do problems.   
Juanita and Cassie commonly worked together and through classroom 
observations, I noticed they would frequently combine their knowledge to answer 
questions.  Juanita explained, “I do believe working with my classmates does 
strengthen my academic performance.  It does this by allowing me to ask questions 
and collaborate our ideas in order to solve the problem.”  She continued, “I am all for 
discussing and working with others when it comes to math.  I think it helps improve 
not only me but others also.  It allows us to bounce ideas back and forth from one 
another and if one doesn’t know the answer, someone else might.”  Juanita and Cassie 
working collaboratively through combining their mathematical comprehension is a 
prime example of how discourse promotes cognitive development.   
  Educators have pointed out that discourse has helped ESL students overcome 
language barriers by talking it out.  Students can explain solution methods, justify 
reasoning, and clarify language impediments.  The NCTM (1989) explains, 
“Mathematics can be thought of as a language that must be meaningful if students are 
to communicate mathematically and apply mathematics productively.”  When students 
are learning cohesively, discussing problems, asking questions, and finding solutions, 
mathematics becomes the universal language.  In a study by Chaplin, O’Connor, and 
Anderson on ESL students using classroom discourse, they discovered that every 
student “made tremendous progress in classroom using intensive talk,” and that 
discourse “supports language learning as well as mathematical thinking” (p. 159).   111 
  In this study, the learning outcomes of the two ESL students supported 
previous research studies.  Discourse benefitted both international students not only 
mathematically, but also in overcoming language misinterpretations.  Rahul and Jin 
expressed their appreciation to their classmates for helping them understand the 
English part of the problems.  While interviewing Jin, we conversed about the 
difficulty of him as a student from China understanding the English language.  He 
stressed the helpfulness of having classmates interpret problems for him, and stated, “I 
think discussing can help me understanding [sic] questions better.”  While observing 
the students work, Jin was one of the quickest students to complete problems, but he 
often struggled to explain answers to his group members.  He noted that whenever he 
forgot a word in English, then “classmates can help me explain them.”   
Communicating with peers helped Rahul not only understand the wording of 
the problems, but also the American culture.  He wrote in his journal, “[Discourse] can 
assist me to learn English for me as International student.  Also, it can help me to 
making [sic] friends with native Americans to learn more about their culture and how 
they talk or argue with their professor or which way is better to argue with Dr.”  I 
performed a member check with Rahul to ask him about his meaning of “argue” and 
he described it as the way to talk to a teacher and present ideas.  He noted that the 
educational system in America is almost completely opposite from Saudi Arabia, 
where it is considered taboo for students to question teachers.  Through holding 
regular discussions with his classmates in groups, Rahul was able to further develop 
his understanding of both mathematics and culture.     112 
 
Discourse helps increase social capital, which can fortify mathematics comprehension 
As the nation’s ethnic and racial population continues to rise, diversity in the 
college student body also increases.  In order to recruit and retain minority students, 
university efforts have grown to include programs to boost academic and social 
acclimation into the college environment.  To help students integrate into college life, 
strong support systems or social networks are crucial in and out of the classroom.  
Recall Yosso’s (2005) definition of social capital as “networks of people and 
community resources.  These peer and other social contacts can provide both 
instrumental and emotional support to navigate through society’s institutions” (p. 79).  
Research studies have indicated that engaging in group work and discussions 
establishes the classroom as a community and strengthens students’ social capital 
(McKinney, McKinney, Franiuk, & Schweitzer, 2006).   
The students’ perceptions in this study concurred with prior research studies.  
As the participants collaborated with each other, they were able to gain interpersonal 
and mathematics skills, and ultimately enrich their social capital.  Through discourse, 
the data indicated the following three ways students were able to increase their social 
capital: 1) Students were able to build and strengthen relationships with their 
classmates, 2) Students (and teacher) were able to establish and maintain a positive, 
supportive classroom environment, and 3) Looking toward future classes, students 
were able to build their networks of support.  In this section, I discuss the evidence 
supporting the three ways discourse helped increase the students’ social capital.     113 
  First, engaging in discourse helps students establish friendly relationships with 
their classmates.  In my interview with Adam, when I asked him if he felt like his 
social capital increased, he replied, “Yeah, absolutely.  I’ve been able to meet new 
people, build my social network.  And establish working relationships with others.”  
He explained how working closely with Angela provided them an opportunity to 
create a friendly relationship: “Angela sits right next to me.  I met her kid last week, 
know her life story, she’s a really nice girl and we get along well and have a good 
working relationship.  You know, we’re both into it, more faster working, so we get it 
done.”  The classroom observations showcased a nice transition from Adam and 
Angela working together in the first week, where they were both initially reserved, to 
the last week, where they comfortably interacted with each other.  When I asked 
Angela if she felt having friendly relationships with her classmates affected her 
mathematics understanding, she asserted the following: “having good relationships 
with my classmates and teacher strengthens my academic performance, because this 
way I am learning in several different ways by several different people.”  Toward the 
end of the term, Adam and Angela’s group epitomized camaraderie and cohesiveness 
as they correctly solved problems and consistently experienced success. 
  Rahul shared a vivid anecdote during our interview when we discussed the 
impact of working with classmates.  He said, “Actually, when you start the class, you 
feel like a child – you don’t want to stay with that classmate or other students in the 
class until the instructor tells you to sit with them to discuss with them.  And after that 
you can build relationships with them.  And we can learn together.”  At the beginning   114 
of the term, more so than Adam and Angela, Rahul was extremely shy.  While 
working in groups, Rahul hardly made a peep.  However, the classroom observations 
toward the end of the term showed Rahul being an active participant teaching and 
learning from his group members.  Through talking mathematics, his social capital 
increased and he became much more comfortable collaborating with others.   
  Sara discussed the importance of getting to know classmates and establishing 
relationships.  She asserted that through discourse, “you get to know people and once 
you get to know people everything else it’s kind of easy to build a relationship on 
something you have in common like struggling with math.  And then from there, you 
guys can connect and build a better relationship off that.”  Sara pointed out that 
working with classmates is extremely beneficial because “you find different ways to 
learn and they can help you like get through problems and you can help them get 
through problems.  So, it helps you to get to understand the concepts more, especially 
when you can talk it out with someone.”  As the term progressed, Sara noted that her 
social network expanded to outside the classroom when students would organize study 
sessions.  Juanita supported Sara’s statement by describing how her network system 
also increased to the point where she would invite her peers to study sessions after 
class.  Juanita emphasized having friendly relationships with classmates was helpful 
“because it’s then like you’re willing to be like, hey, do you wanna work on this 
outside of class?  Do you wanna try and do this, try and to that.  It just makes it that 
much easier to have that help if you needed it.”  These study sessions outside of the   115 
classroom were beneficial for the students to learn the material more in-depth and be 
further capable of remembering it for the tests.  
  Recognizing that discourse has the potential to help students create a cohesive 
team that can benefit them in the short and long run, Chelsea articulated: 
Working with classmates… helps to build relationships.  I mean, in college 
you’re mostly, you don’t really know anyone.  It’s not like high school where 
you grow up with mostly everyone.  Yeah, so group work helps to build 
relationships and to improve your communication skills with people in general.  
Just teamwork, I guess it’s just certain circumstances or certain activities that it 
actually works well. 
 
  Chelsea was quick to add that group work in mathematics class was one of 
those activities where it “works well.”  She said group work was especially 
advantageous when she got stuck and could turn to her classmates for help and 
encouragement.  Coming from China with College Algebra being one of his first non-
English classes in the U.S., Jin added that establishing relationships helped him feel 
more comfortable in the classroom.  He asserted that he liked talking mathematics 
with his classmates in small groups “because good relationships can let me have more 
friends.  If I have questions, I can ask them.”  Juanita agreed with Jin’s statement by 
describing the difficulty it would be to ask questions and make friends if the class was 
in a large lecture hall.  Juanita said that she is a “firm believer in small classes because 
I feel like you start to get to know the people, and work better with them, and you’re 
not afraid and awkward around them.”  Chelsea, Jin, and Juanita agreed on the 
advantages of being able to ask classmates for help and not feel awkward, which leads 
to a fuller and quicker understanding of class material.     116 
  Another way discourse increased students’ social capital was by generating a 
larger social network, especially to ask peers for help outside the walls of the 
classroom.  Adam said:  
It’s always good to have more friends and people you can lean on in case 
something goes wrong.  But, just educationally speaking, it’s good to first off 
see many ways of doing things.  And say I get sick and can’t make it to class, 
you know I can find someone that can maybe give me the notes.  Just things 
like after tests, just discussing things and going over it together and things like 
that where I can see what I did wrong based on what she did right, and the 
other way around. 
 
  Establishing a larger network of support helped Adam tremendously even 
when he missed class and was able to retrieve his classmate’s notes.  Cassie 
commented on Adam’s point by saying, “I think it’s just good to have somebody you 
know in the class, just in case you miss something they can help you out.”  Sara 
described an example of the benefits of having a group member’s help outside of the 
classroom: 
When you need help it’s always easier to ask somebody else when you can’t 
always get a hold of your teacher.  And you might be able to text a classmate 
and ask, hey, can you help me with this problem really quick or do you want to 
meet up and study instead of always just having to rely on group work in class 
and then figure it out on your own out of class.   
 
Creating and maintaining good relationships with classmates proved to be 
advantageous to students getting help when needed.  By increasing their social capital, 
students asserted that their mathematics understanding also increased.  As Chelsea 
summed it up, when you need help, “it’s nice to have them there for you.” 
  The second way discourse plays a key role in enhancing social capital is by 
producing a positive, supportive classroom environment.  Collaborating with   117 
classmates in groups helps build trust and respect among members, which leads to 
producing a classroom students feel comfortable in.  Harris (2001) investigated the 
effect of a positive classroom atmosphere, compounded with students expressing care 
and commitment to each other, on academic success.  He discovered that more than 87 
percent of the participants attributed a supportive classroom environment as a 
significant factor to them completing their coursework.  More research demonstrated 
that the two leading contributors to student success were: 1) A supportive 
environment, and 2) A caring attitude by the professor (Tebben, 1995). 
  To optimize learning, the students stressed the importance of establishing 
relationships and maintaining a good working atmosphere.  In this study, 100 percent 
of the participants attributed a supportive environment as a significant factor in 
helping them pass the class.  Dante emphasized that building connections with 
different classmates instead of remaining in the same group helped him feel more 
comfortable in the classroom.  Once he felt the support and positivity of the classroom 
atmosphere, he asserted that he was able to heighten his learning ability.  Similarly, 
Cassie told me when she first entered the classroom she was extremely nervous 
because she had always hated mathematics.  However, as the term progressed, she said 
the classroom felt more and more comfortable, and “it makes you feel comfortable 
enough to receive the help you need to understand the topics we are learning.  Also, I 
think if people see you are trying to learn they will help you.”  Cassie learned to trust 
her classmates, which helped her to cultivate her mathematics understanding.     118 
  Chelsea drew a connection between establishing friendly relationships with 
classmates and creating a positive learning environment.  In her journal reflection, she 
wrote, “Building good relationships with your teacher and classmates allows for a 
positive learning atmosphere where you feel comfortable with one another and can ask 
for help if you have questions without hesitation.  They can give you good feedback 
on your work as well.”  In the classroom, and especially during cooperative learning, 
receiving constructive feedback is crucial to students improving their mathematics 
skills.  Students can learn what they did correctly or incorrectly and how to justify 
their reasoning.   
  Juanita concurred with Chelsea’s perspective on the connection between 
classmate relationships and classroom atmosphere.  Juanita discussed the connection 
in the following matter: “Having a relationship with classmates and teachers makes it 
more of an open and welcoming environment.  It allows people to be able to ask 
questions and feel comfortable to be able to ask questions.”  Once students build 
friendly relationships with their classmates, they are more likely to extend the 
relationships to other classes, which leads to another way students are able to increase 
their social capital. 
  The third way discourse helps students increase their social capital is affording 
students opportunities to build their networks of support, not only in this mathematics 
class but also in future shared classes.  Mulford (2008) found that social capital has 
beneficial outcomes for students now and in the future because their relationships with 
their peers and teacher can have a positive impact on their sense of belonging to   119 
college, participation, retention, and achievement.  The participants asserted that 
having previously established relationships for future classes with classmates would 
be valuable for two major reasons: 1) They already have friends to turn to for 
assistance, and 2) With friends as classmates they feel more comfortable in the 
classroom.   
  Engaging in discourse while working in groups played a key role for students 
to increase their social capital.  In her journal reflection, Angela wrote the following:  
I honestly think that solving problems in groups plays a huge role in building 
good relationships with my classmates and the teacher, because you are being 
required to engage with other students in the class, as well as, with the 
instructor.  I truly believe that this helps people better learn coping skills for 
later classes. 
 
In future shared classes, students have opportunities to strengthen their 
previously established relationships.  Rahul discussed the benefit of it: “It will help as 
you know when we share our ideas with others who don't know them yet, this way 
will help us to be friends and sharing any difficulty in the class, even in future we will 
be as a friends and already know each other.”  Jason added to Rahul’s explanation by 
discussing how discourse enables students to efficiently connect with classmates: “If 
you connect enough with students enough to exchange information then you can call, 
text, e-mail, or Facebook and ask them for help on a question, problem, or issue.”   
Having help from others extends not only to classmates, but also to teachers, as 
Jason pointed out:  
The more we work together, and discuss problems the more we will get to 
know each other.  Also, having Dr. Sanders walking around talking with each 
group helps to build teacher-student bonds.  This will help us in future classes 
if we know another person in the class, have Dr. Sanders, or are able to build   120 
bonds in a similar fashion to ones we are here.  Use the social skills we learn 
and develop in this class, and apply them to other classes. 
 
If a student is nervous or scared of mathematics, collaborating with classmates 
can establish much-needed comfort.  Several participants asserted that the more they 
worked with their classmates the more comfortable they felt in the classroom.  This 
allowed students to engage and participate more efficiently with others, and feel more 
comfortable in asking questions.  Chelsea stated, “Working in groups allows you to 
work effectively if tasks are broken up and build on common goals and interests.  
Working with others is a good skill to have in a variety of different careers, jobs and 
life in general.”  Chelsea described the importance of learning lifelong skills that can 
extend well beyond the classroom walls.  Reinforcing these skills through various 
classroom interactions can help students improve their social capital and be more 
successful in-and-out of the classroom.   
  Several students emphasized an advantage of building relationships in the 
classroom leads to the benefit of forming study groups out of the classroom.  Sara 
noted that collaborating with classmates allows students to “meet new people and 
form study groups.  By doing this it is easier to build relationships in other classroom 
settings.”  Angela expounded, “If you have good bonding with [classmates], you can 
always go and ask questions and you can work more easily with someone because you 
already have a bond with them rather than with someone you aren’t close to.”  Jason 
encapsulated the advantage of knowing and working with classmates as follows: 
If you take a future class with them you’ll be able to, you’ll have that common 
knowledge – oh, I took Math 111 with you.  I know this person is a hard 
worker so I can go ahead and work with them in this subject.  In the New   121 
Media field, we have a lot of classes that you take with the same people.  It’s 
like, oh, I know this person or I know that person.  And we did a lot of study 
groups and a lot of things together, so you kind of know who’s there just to be 
there and who’s actually working. 
 
Recognizing the social skills students can learn through working with others, 
Jin explained that “I’ve made friends here and we work well together.  More friends, 
so we can help each other.  I can ask them questions and we can help each other.”  
Students can learn and develop these social skills and apply them to other classes, 
which can increase their social capital.  During the first couple of weeks of the course, 
the Jin was extremely shy.  Even while working in groups, rather than participating 
with his classmates, he just worked by himself.  Only after Jin began to feel more 
comfortable with his classmates did he engage and discuss the problems with them.  
As the term progressed, Jin transformed from a laconic student being painstakingly 
reserved with his English, to a verbose student going out of his way to explain solution 
methods to his classmates.   
  The transformation Jin experienced from a shy student to a confident student is 
a prime example of the impact discourse has on fortifying students’ social capital.  
From increasing his social capital, Jin gained a broader network of peers to collaborate 
with for help and support, whether in English or mathematics.  As the term progressed, 
so did his self-efficacy in doing mathematics and conversing in English with his 
classmates, as he grew more comfortable studying at an American university nearly 
10,000 miles from his home. 
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Discourse plays a key role in enhancing self-efficacy 
While considerable research has been performed on studying the effect of 
group work on student learning, few studies have investigated the influence of student 
discourse on enhancing self-efficacy.  Purzer (2011) explored the relationship between 
discourse, self-efficacy and achievement by studying 22 first-year engineering 
students.  The participants engaged in discourse regularly, and the study’s results 
indicated that there was a positive correlation between discourse and achievement, as 
well as discourse and self-efficacy.  Hendry and colleagues (2005) examined the 
effects of collaborative learning on college students’ learning styles and self-efficacy.  
They discovered that through group work, students reported greater self‐awareness of 
their own learning, were more accepting of others’ styles, and exited the study with 
more confidence in their academic abilities.   
In this study, 100% of the participants answered a resounding, yes, to one of 
the final journal reflection questions: “Compared to the start of the term, do you feel 
your mathematics self-efficacy has increased?”  In replying to this question, Adam 
wrote, “Absolutely.  I feel pretty confident in this class… I was able to spend seven, 
eight hours a week outside of class, at least an hour a day usually more than that.”  
Adam explained that the main reason his mathematics self-efficacy increased was 
because of the numerous opportunities he experienced working with his classmates.  
He pointed out that through discussing mathematics with his group members he was 
able to feel more comfortable not just doing it independently, but also explaining it.  
The classroom observations demonstrated Adam regularly teaching material to his   123 
classmates, and he asserted that explaining problems to classmates benefitted him to 
understand and remember the material more comprehensively.  Adam noted that 
toward the end of the term after reviewing the homework and notes, preparing for 
tests, and working with classmates, “the ideas are just going to fit in your head.” 
  While a few of the students admitted to being timid and unwilling to volunteer 
in front of the entire class, they asserted that they did not feel as nervous while 
collaborating in small groups.  Many of the participants praised the usefulness of 
engaging in groups, and claimed that working in groups helped maximize student 
involvement and contribution.  Angela asserted that group work helped her to increase 
her confidence “because now I am not nearly as shy around people I know, and I know 
that I can always bring something to the table.”  Sara further explained,  
I feel a lot better doing math and I feel like the small classroom really helped 
that… because you get a better chance to like know the people around you and 
know the professor and how he teaches.  It’s just a lot easier because you can 
take your time going through stuff versus huge lectures you have to usually 
rush through things. 
 
  Rahul commented that he felt his self-efficacy increased because he could 
learn new strategies that he did not think of by himself.  He said that working in 
groups helped him develop his thinking and analyzing skills.  Rahul wrote: “The 
instructor would make [sic] us feel like we are one group and we have to learn from 
each other and if we miss something we have to ask each other.  It was like more 
comfortable, more free to ask.  And we could learn different strategies.”  Student 
discourse played a crucial role in learning different strategies, as Cassie stressed the 
functionality of group work helped her increase her confidence because it promoted   124 
“group participation step-by-step walk through with group members on each problem 
so everyone has the same answer.”   
  A major component of discourse is for students to teach material to their 
classmates who get stuck.  When I asked students whether teaching others benefitted 
them or not, all 10 participants responded that it definitively helped them.  Sara 
explained that teaching others helped increase her personal confidence: “When you are 
able to teach [classmates] then you obviously know it, so I felt like I did learn it really 
well.  And that kind of gave me more confidence when you’re doing it.”  She added 
that teaching others has “increased my confidence because when you have to explain 
something to someone you know that you have an actual understanding of the 
material.”  Here, Sara emphasized that teaching others helped reinforce her knowledge 
of the material, and therefore, boosted her self-efficacy. 
  Researchers have discovered that in order for students to succeed 
academically, it is important to understand the language of instruction (Zimmerman et 
al., 1992).  This is especially challenging for international students because not only 
do they have to learn a new language in a different country, they must also learn the 
more formal register of language used in mathematics classroom, which is more 
convoluted than the everyday language.  In order for ELL students to coherently 
convey their ideas and understand others while participating in discourse, Kazemi and 
Stipek (2001) articulated the significance of possessing mathematical language 
proficiency.  Studies have shown that engaging in group work has improved ELL   125 
students language proficiency, which has increased their participation and 
strengthened their self-efficacy (Pierce & Fontaine, 2009).  
  Jin and Rahul, the two ELL students, enjoyed group work because although it 
was sometimes a struggle to successfully communicate, they both agreed it was worth 
it.  Jin said his confidence level increased through discussing mathematics with 
American students because “I can have the chance to talk to others and I can teach 
them how to do the question and they can help me understand some words.”  The 
video data showed that during group work, Rahul avidly participated, and he 
expressed his delight of participating because when his group solved problems it “felt 
good” and subsequently, increased his confidence.   
  Because of the diversity of the participants, including several older-than-
average students, a number of years have passed since many of the participants last 
took a mathematics class.  As a result, many students admitted to forgetting a lot of the 
material they once learned.  The participants pointed out that one of the biggest factors 
that helped them to quickly remember the material was discussing mathematics with 
classmates.  Through engaging in discourse, students were able to refresh their 
mathematics content knowledge.  Chelsea described her situation as the following: 
“It’s been a while since I took a math class and this course has definetly [sic] helped 
me to brush up and improve upon my math skills as well as to actually understand the 
material.”  Through refining her mathematical skill set, Chelsea declared: “I actually 
enjoyed doing math in this class.”   126 
  Twenty-nine year old Angela is an example of an older-than-average student 
returning to school to complete her college degree.  She took several years off from 
college to earn her Airframe and Powerplant license, and upon returning she has 
forgotten nearly everything involving mathematics.  At the start of the term, video 
recordings showed her nervously fidgeting in her chair with a worried expression on 
her face.  However, as she studied and discussed mathematics independently and with 
her classmates, she became more and more confident in her abilities.  Angela 
explained,  
To be honest before I got to this class I was extremely worried that I was not 
going to pass the course.  I have heard that Math 111 was the highest failed 
class in college, so I was a little intimidated, but now I am looking back asking 
myself, what in the world was I thinking, this is not nearly as bad as I thought 
it would be!   
 
Angela wholeheartedly expressed her appreciation of having opportunities to 
discuss mathematics in groups.  She identified engaging with classmates through 
discourse as enabling her to improve her ability to learn, do, and succeed in 
mathematics. 
 
RESEARCH QUESTION 3 
What are the implications of addressing diverse student perspectives when 
implementing either pedagogy? 
  The students considered both pedagogical strategies to be beneficial in helping 
them learn and do mathematics.  While both strategies came with limitations, as 
previously discussed, the students unanimously perceived the pedagogies’ strengths to   127 
far outweigh their weaknesses.  Dante declared, “I think there are really good things to 
come out of both strategies,” and when asked which pedagogy is the most effective, 
Adam stated, “I would say a good combination of both.”  Collectively, the students 
emphasized that the preferred instructional method is a hybrid classroom model, a fine 
balance between traditional instruction and cooperative learning, where students work 
independently first, and then in groups to answer questions. 
 
Success of the Hybrid Classroom Model 
The participants advocated a hybrid model because it attends to the students’ 
various learning styles through two unique pedagogies.  Chelsea explained, “I like a 
combination of both.  They are both helpful in learning.  Independently, you can 
challenge yourself and see what you have learned or know.  Collaborative group work 
helps you to share knowledge and other ways of problem solving.”  A hybrid course 
comprises of students working collaboratively and independently, in and out of 
groups, through engaging in discourse and working silently.  A hybrid model is 
effective because it is as diverse as the students it serves.  
For the pedagogical strategies to optimize learning, the students strongly 
stressed that the implementation methods are imperative.  During traditional 
instruction, when students are learning independently while the teacher exclusively 
lectures, the participants felt that the professor plays a valuable role.  The students 
perceived traditional instruction to be the most constructive when the teacher   128 
exemplifies the following three qualities: 1) Effective communicator, 2) Caring, 
supportive, and passionate, and 3) Continually proactive.   
  For the teacher to be an effective communicator, students asserted they must 
teach clearly and step-by-step to minimize students getting stuck and maximize 
comprehension.  Juanita explained how Dr. Sanders would strive to explain material 
clearly and that “he really like would help a lot if you honestly didn’t understand it.  
He would be there to walk you through it a bunch.”  The classroom observations 
showed the professor explaining new material step-by-step, slowly but clearly.  
Because the teacher did not skip any steps, according to the students, his presentations 
were fairly easy to understand.  Juanita enjoyed how Dr. Sanders would patiently 
teach students how to solve complex problems and not rush to finish like other 
teachers have the tendency to do.   
During the post-interview, when prompted to describe Dr. Sanders’ strengths, 
Chelsea replied: 
I think the ability to joke around, to just have fun with it.  I mean, it puts us at 
ease.  It’s not like a very strict, proper class.  I mean, he has his moments, but 
it’s most of the time it’s like a fun learning atmosphere.  His ability to joke 
around and talk to students about anything.  I feel comfortable talking to him 
so that’s a plus.  
 
Chelsea added that because the teacher was such an effective communicator, 
students were able to feel comfortable around him.  Similar to Chelsea’s thoughts, 
Sara expressed that Dr. Sanders was “fun to be around and laid back, and I think that 
helped just because you feel more comfortable asking him questions.”  The classroom 
observations and video data demonstrated Dr. Sanders as teaching with a smile.  He   129 
enthusiastically taught the material, regularly telling jokes, which helped put the 
students at ease.  Therefore, the participants did not generally feel pressured or 
cornered in the classroom.  This allowed them to learn without any unnecessary 
impediments and establish good rapport with each other and the teacher.   
  The students in the class portrayed an efficient teacher as one who is caring, 
supportive, approachable, and available.  A wise man once proclaimed, “People don’t 
care how much you know until they know how much you care.”  The participants 
agreed with this statement undisputedly and many acknowledged their unwillingness 
to learn from someone who does not care about them.  Adam enjoyed how Dr. Sanders 
went out of his way to accommodate students: “He was very open to if you have 
issues, contact me, if you need me, here are my office hours.  But if you can’t make 
the office hour, we’ll find another time.”  During my interview with Jason, I asked 
him what he liked about Dr. Sanders, and he replied: 
His overall teaching methods, his patience with students like me that have 
difficulty understanding, and being at office hours ready and willing to help 
students who need it for tutoring hours.  So that was extremely helpful for 
me… He’s there to help and, you know, there’s always somebody willing to 
help, but you have to be willing to make sure you get the help.  And I did my 
best to make myself willing when I was able to. 
 
From the start of the term to the end, the video data showed Jason making 
monumental strides in his development as a student.  At the start of the term, Jason 
was like a turtle hiding in a shell.  While working in groups, he failed to participate, 
not because he had no desire, but because he had nothing to contribute.  However, as 
he received help from Dr. Sanders and his classmates, toward the end of the term,   130 
Jason became an active participator, frequently contributing to the success of the 
group.   
Dante and Cassie also commended Dr. Sanders for not only being a brilliant 
mathematician, but also a caring person.  Dante said he liked “how nice of a person he 
is really.  He’s very easy to ask a question to, any question, nothing stupid. And I 
appreciate a person I can ask a question to and get a straightforward answer.”  The 
video data confirmed Dante as being one of the students who asked the most 
questions, and whether the question was “stupid” or not, every time Dr. Sanders 
responded considerately.  Cassie said she enjoyed having Dr. Sanders as her teacher 
because “He’s willing to help you.  He’s very nice.  The way he just does his lectures 
makes you pay attention versus being just very monotone.  He’s very excited about it, 
I guess, versus a teacher who just reads off a slide.”  The classroom observations 
indicated that Dr. Sanders was indeed an energetic and dynamic lecturer, which 
encouraged students to pay attention.  In fact, over the entire term, not once from 
either the classroom observations or the video data did I see a student look 
disinterested or fall asleep in class.  Dr. Sanders’ passion for teaching leads to the third 
quality of the students’ perceived effective instructor, which is a professor who is 
continually proactive.   
  There are numerous ways a professor can be proactive, whether it is 
discovering new teaching methods or constituting classroom norms.  Here, I have 
decided to discuss Dr. Sanders’ implementation of real-world problems, which all of 
the students praised as helping them learn, remember, and connect mathematics to   131 
their everyday lives.  Real-world problems are types of problems that connect the 
embedded mathematics to real-life situations.  Teachers commonly create real-world 
problems, which often require lengthy amounts of time.  Angela said she was grateful 
for Dr. Sanders taking the time to create the problems, and she enjoyed him “teaching 
us real-world stuff.  He’s not just telling us to open the book, lecturing on a few 
examples and sending us off to the room.  He’s using math as real-world and why are 
we using it, how are we using it.”  Jin gained an appreciation for real-world problems 
because “the examples he gave us were all very important” and “it helped me 
understand math better.”  Sara noted, “I do like that he does real-world applications in 
class just because that helps you make a better connection to what you are doing.”  
Continuing her train of thought, Sara expounded that she liked how Dr. Sanders taught 
using real-world examples because: 
You can understand how it’s being used instead of having somebody just like 
slapping a formula up there and being like, use this, and you can maybe do it 
with this.  But, when he’s just like, well, this is how you find out how much 
water is in the lake or whatever in the next year.  It helps you to understand it 
better.  And you can always go back to those examples in your brain later 
when you’re doing math and like a different type of class.  And be like, oh, so 
that’s what he uses it for, makes a lot more sense. 
 
  Rahul emphasized that he enjoyed realizing the connection between 
mathematics and what he does everyday.  Once he was able to make the connection, 
Rahul declared mathematics became much more exciting.  He attributed his 
appreciation of Dr. Sanders using real-world problems because “we learned something 
and we use it in our life.  That means it will stick in our mind.”  Cassie explained how 
she has never been a fan of mathematics because of the influx of numbers.  But, she   132 
said she liked when Dr. Sanders taught application problems “because he would like 
refer it to pharmacy or engineering or other stuff.  Yeah, I guess it made me like think 
more about the problem than just the numbers.”  Implementing conceptual problems 
rather than strictly computational problems helped students take their minds off the 
numbers, and just realize the importance of mathematics in that they use it daily. 
  To optimize group success in cooperative learning, the participants perceived 
the importance of establishing three key factors: 1) Group camaraderie, 2) Individual 
accountability, and 3) Positive learning environment.  For a group to experience 
success, establishing and maintaining group camaraderie and cohesiveness is 
necessary.  Group members must work together as a team to accomplish their goals.  
In order for a group to collaborate cohesively, every member must be accountable to 
contribute his or her share of the work.  As discussed earlier in this chapter, group 
members must not rely solely on one member to complete the problem, or on the other 
hand, to single-handedly overtake the problem and attempt to solve it independently.  
For the group to succeed, all group members must trust and respect one another.  The 
participants in this study asserted that the trust and respect factor paid dividends in 
establishing a supportive and positive classroom atmosphere, where they felt 
comfortable learning and doing mathematics.  
  In this chapter, I discussed the relationship between discourse, social capital, 
and self-efficacy.  I conclude Chapter Four by highlighting a quote by Adam, which 
draws a connection between the social aspects and the academic aspects of learning.    133 
During the post-interview, I asked Adam what he gained from participating in the 
project.  He replied,  
I think it opened my eyes to the whole social aspect of it.  You know, realizing 
that working in a group in class could potentially stem to working in a group 
outside of class that could extend to not only friendships, but working in 
groups in other classes.  Especially if you have overlaps in majors and classes 
and stuff like that, you end up seeing each other more often than not… You 
know, it’s always nice knowing that you’re not the only one out there… 
You’re all on the same team working toward the same goal. 
 
  The results of this study indicated the usefulness of a hybrid classroom model 
for attending to individual student needs, increasing their social capital, and enhancing 
their self-efficacy.  From an emic perspective, Adam eloquently explained that when 
students strengthen relationships to the point where they are on the “same team 
working toward the same goal,” then they can experience more success in academia.  
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CHAPTER FIVE: DISCUSSION 
 
  This dissertation examined the intricate process of diverse students learning 
mathematics through different pedagogical strategies and the impact on their self-
efficacy.  In Chapter Four, I addressed the study’s research questions:  
1)  What do individual students perceive to be the benefits and challenges of 
traditional and collaborative pedagogies, particularly with respect to enhancing 
their mathematics self-efficacy?  
2)  What evidence exists indicating the role of discourse in improving diverse 
students’ abilities to learn and do mathematics? 
3)  What are the implications of addressing diverse student perspectives when 
implementing either pedagogy? 
In this chapter, I present a discussion of the study’s findings.  Then, I reflect on 
the limitations of the study.  Finally, I conclude with suggestions for future research 
opportunities that can contribute to advancing the mathematical achievement and 
increasing the retention rate of diverse students.  
 
Enhancing Self-Efficacy through Hybrid Model 
In juxtaposing traditional instruction to cooperative learning, while the 
participants emphasized the usefulness of both pedagogies, they unanimously 
perceived the most valuable teaching method to be a hybrid classroom model.  The 
students indicated that a hybrid model is especially beneficial when learning through   135 
lectures first, and then breaking up into groups.  The participants asserted that during 
traditional instruction they are able to learn the new material, and then in cooperative 
learning they can reinforce their knowledge.  They agreed that collaborative learning 
provided opportunities to engage with classmates to ask questions and obtain answers, 
which ultimately helped foster their mathematics comprehension.  
As noted in Chapter Three, from the pre-MSES to the post-MSES, all 10 
participants’ self-efficacy scores increased.  The students corroborated the survey 
results with detailed descriptions from their interview and journal responses.  As 
previously discussed, Bandura (1977) pointed out that self-efficacy is enhanced 
through four primary sources: mastery experience (successfully completing tasks), 
vicarious learning (observing others complete tasks), social persuasion (receiving 
encouraging feedback), and physiological states and reactions (reducing the effects of 
anxiety).  I will now present student comments explaining how they increased their 
self-efficacy through each of the four sources. 
First, based on a variety of experiences centered on mastery learning, students 
articulated an improvement in their self-efficacy.  For instance, Adam stated that by 
being a more dedicated student, his self-efficacy was strengthened: “I’ve really been 
able to put myself entirely into this class, and have succeeded.”  By committing 
himself to working hard, Adam noted that he regularly and successfully completed the 
assignments, which boosted his confidence.  Jin commented that completing 
homework problems was productive because it helped him “practice more,” which in 
turn increased his self-efficacy.  Dante explained that through doing problems   136 
correctly over and over again, he developed positive feelings that he had never 
experienced before: “I feel like I have a handle on math, I know that I can find any 
formula I need, then all I need to do is the application.”  Dante expanded that he has 
gained proficiency in recognizing different situations in which to apply correct 
formulas and techniques to solve problems.  Similarly, Sara asserted that through 
learning independently and collaboratively, she has enhanced her mathematics arsenal 
of knowledge: “I feel more confident learning math and knowing how to apply certain 
equations to problems.”  Sara added that increasing her self-efficacy in learning 
mathematics would inevitably raise her future success rate in upcoming coursework 
involving mathematics.   
Second, students asserted that their self-efficacy was enhanced through 
observing others, or vicarious experience.  The participants claimed that through 
cooperative learning, they were provided opportunities to learn from their classmates.  
Watching their classmates succeed showed the students that they could also succeed.  
Chelsea engaged well with her group mates and they would often teach and learn from 
each other.  Chelsea indicated that if she got stuck, she would often observe her group 
member correctly solve the problem, realize her mistake and fix it, and then 
successfully complete the problem by herself.  Other students emphasized that they 
effectively learned from observing their professor.  Sara stated, “I am a visual learner 
and watching the teacher doing the problems helped me learn the material better.”  
When describing moments her confidence increased, Juanita commented, “[The 
teacher] really helped me understand the concept better and really put a lot of effort   137 
into me understanding the things he would teach.”  On the other hand, there were rare 
cases when students’ self-efficacy decreased through learning from the professor, 
particularly when they failed to understand what he was teaching.  Juanita clarified 
that although she learned a lot through lectures, sometimes she had a hard time 
understanding the teacher because “I need to have things shown and explained to me 
multiple times in order for me to understand it.”  While in most situations, teachers do 
not have enough time to explain material “multiple times,” classmates could do this 
during group work.  For students like Juanita, their self-efficacy was influenced 
(favorably and to a lesser extent, adversely) through observing their peers and teacher. 
Third, while working in groups to discuss problems, students frequently 
encouraged their classmates through social persuasion.  The participants agreed that 
receiving constructive feedback stimulated their minds and improved their 
understanding.  When I asked Sara about her perceptions on working with her 
classmates, she responded that she felt more confident and  “comfortable with new 
learning techniques after having to do group work.”  Especially toward the end of the 
term as students strengthened their relationships with each other, social persuasion 
became a crucial factor in impacting self-efficacy.  Cassie asserted that her confidence 
level increased because working collaboratively “made me practice and get help from 
my peers.”  Angela added that as she began to feel more comfortable with her 
classmates, she realized that not only could they encourage her, but she could also 
encourage them: “now I am not nearly as shy around people I know, and I know that I 
can always bring something to the table.”  A crucial factor in whether social   138 
persuasion can increase or decrease students’ self-efficacy depends on their group 
members.  Acknowledging the importance of who his group members are, Dante 
stated, “At points I think it did me well.  But other times I don’t think I got much.  It 
depended on who I was working with.”  For cooperative learning to be successful, 
group members must build team camaraderie, which I discuss more elaborately in the 
next section.  
Fourth, students accentuated that through this study their self-efficacy has been 
developed through overcoming physiological factors.  During the pre-interview, many 
students admitted to being terrified at the thought of taking another mathematics class.  
Some were nervous of being thought as “stupid,” while others were petrified of 
failing.  Angela described her feelings as the following: 
To be honest before I got to this class I was extremely worried that I was not 
going to pass the course.  I have heard that Math 111 was the highest failed 
class in college, so I was a little intimidated, but now I am looking back asking 
myself, what in the world was I thinking, this is not nearly as bad as I thought 
it would be!   
 
  Several other participants’ perceptions mirrored Angela’s, and many 
recognized their teacher and classmates as playing immense roles in helping them 
optimize their learning.  The students attributed the implementation of various 
pedagogies, particularly cooperative learning, as helping them build relationships with 
their peers and feel more comfortable in a supportive classroom environment.  It is 
important to point out that rare moments did occur when students indicated a decrease 
in their self-efficacy due to them being nervous of failing in front of their peers.  For 
instance, when working in groups, Jason described that sometimes he felt “less   139 
confident because they need to help me get a better understanding and I am just 
slowing their [pace].”  Anecdotal evidence such as Jason’s exemplifies the importance 
of students feeling comfortable physiologically to raise their confidence-level.  As the 
statistical analysis of the pre-post MSES indicated, every student increased his or her 
mathematics self-efficacy.  This was supported by other data sources as Chelsea 
initially disclosed in her pre-interview that mathematics is definitely “not one of my 
favorite subjects.”  As the study progressed, however, her feelings toward 
mathematics transformed to being more optimistic, and in her post-interview, Chelsea 
stated, “I actually enjoyed doing math in this class.” 
 
Limitations 
This study’s findings should be understood within the framework of several 
limitations. Realizing these limitations may be advantageous to other researchers who 
aspire to conduct related studies on analyzing the effect of various pedagogical 
strategies on students learning mathematics and raising their respective self-efficacy. 
  Because this study focused on analyzing the multifaceted phenomenon of 
student interaction, discourse, and self-efficacy in one diverse EOP classroom, a 
limitation of the study is that I examined only 10 students.  Thus, this study makes no 
claims on generalizing the perceptions of the 10 participants to the entire diverse 
student population.  As discussed further in the future research section, a promising 
research opportunity could focus on studying a larger sample size.    140 
  Several critics believe that case studies with small sample sizes fail to offer 
grounds for establishing validity and reliability.  However, my goal was to make this 
study as robust as possible, and I feel I did that through utilizing three key strategies: 
1) Triangulation with multiple data sources to fortify the study’s rigor, 2) Member 
checks with participants to ensure the study’s credibility, and 3) Inter-rater reliability 
with an experienced colleague to increase the study’s reliability.  Further, I 
implemented a mixed-method design to bolster the study’s validity both quantitatively 
and qualitatively. 
  Another limitation could be the impact of the Hawthorne effect, which is a 
reactive situation when subjects alter their performance when they are knowledgeable 
they are being studied.  In this study, all participants took the pre-MSES at the 
beginning of the term and the post-MSES at the end.  Because the pre and post-
surveys were identical, it is possible that the students who completed the surveys 
modified their responses because they were mindful they were involved in a study.  
Predicated on the data collected, nothing indicated this was factual, although it 
remains a possibility that other researchers may need to ruminate. 
 
Implications for Future Research 
Conducting this study provided me with several suggestions for future 
research.  Because there were only 10 participants, pertinent future studies could 
feature a larger sample size, and compare the effects of various pedagogical strategies 
on students learning mathematics in small and large sample sizes.  The gathered data   141 
would also provide insights on determining if a larger sample size has any influence 
on the study’s results.  For instance, would the outcome of studying 100 participants 
remain the same or vary from studying 10 participants?  How would the scalability of 
the hybrid model align with larger classes?  What would be the challenges of studying 
a larger sample size?  How could researchers overcome these challenges?  These are 
all intriguing questions that would be germane to address through future research 
studies. 
For a hybrid model to be successful, the crux of it largely depends on the 
effectiveness of the teacher in implementing the pedagogical strategies.  As previously 
noted, the students highly praised the professor.  When asked to describe the teacher, 
students complimented him using upbeat terms such as “nice,” “helpful,” “available,” 
and “clear.”  Many of the students reiterated how thankful they were that their 
instructor was Dr. Sanders.  Several students even acknowledged that they did not 
think they would have passed the class if it were not for the teaching ability and 
helpfulness of Dr. Sanders.  However, it is unfair to think that every teacher will be as 
skilled as Dr. Sanders in effectively implementing the pedagogies.  Teachers have 
unique backgrounds and varying experiences, which results in them employing 
different teaching styles.  Future studies could investigate the effect of teachers with 
varying experiences and capabilities on teaching diverse students.  
  Another valuable research opportunity could further investigate the effect of 
journal reflections on students learning mathematics.  According to the participants, 
journal reflections enhanced their learning and made mathematics more interesting.    142 
Completing the journals lead students to think about mathematics outside the 
classroom, and even guided them to have the mindset of education researchers.  The 
students considered a plethora of research related aspects: how they benefitted from 
various learning styles, how their actions helped or hindered their learning, how they 
benefitted from engaging with classmates in groups, and what they could do to 
succeed in the classroom.  In his journal, Adam described the benefits of journal 
writing: “I always wondered why so much math was required for degrees that don’t 
seem to have any need for it.  Then it was explained to me, to think about it 
differently.  Math helps you think in a different way.”   
Journal writing also provided students a pathway to reflect on previous lessons 
and make connections to past concepts, other coursework, or everyday life.  Dante 
explained, “I hope that I can use this not only in my up and coming classes but also in 
real life.  I can see how this can help me with problems along the way.  For example if 
building a stare case [sic] and I need to know where to start and how steep it needs to 
be.”  Chelsea added,  
What this class has taught me will definitely help me in my future courses.  
Math is used in almost every subject, from economics, finance, science and 
even art (architecture, apparel design, graphic design, etc.).  I hope to use what 
I have learned and to apply it into my future courses. 
 
Another benefit of completing journals is that it provided a social aspect to 
mathematics that students could use to improve learning.  Prior to the study, several 
participants admitted to never thinking of connecting mathematics to social life.  
Through keeping journals, however, these students were able to realize the connection 
by putting their thoughts in writing outside of the classroom.  Angela described the   143 
social aspect connection as the following: “I think that I can take what I am learning in 
this math class and apply it to other classes by stepping out of my little box and 
getting out and meeting new people.  You never know who you can meet unless you 
get out of your comfort zone.”  Performing research studies on the benefits of 
incorporating journal reflections into classes could prove to be valuable in improving 
student learning.  
  The final suggestion for future research studies I would like to present is 
grouping students who mesh well together to enhance positive group dynamics.  
Groups that have good team camaraderie could lead to heightened discourse and 
problem solving skill development.  Further, structuring groups properly could 
minimize distraction and maximize time on task.  In this study, students were provided 
opportunities to select their respective groups and for the most part they worked 
effectively together.  While I am unsure exactly why they worked well together, I do 
know that this will not always be the case.  In general, moments do occur when group 
members fail to get along.  One solution could be to conduct student surveys 
throughout the term to determine an educated grouping system.  This system would be 
a continuous process so groups could shift based on survey responses.  Teachers 
would also present expectations of what groups will discuss compounded with close 
supervision to ensure students are not engaged in outside conversations.  Perhaps, 
future studies could evaluate this grouping system to collect valuable data on how to 
form cohesive groups.   
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CHAPTER SIX: CONCLUSION 
 
  According to the NCTM (2000), qualities of an effective teacher include 
“knowing and understanding mathematics,” as well as their “students as learners, 
and… a variety of pedagogical and assessment strategies” (p. 17).  This study 
contributed key components to NCTM’s proclamation by detailing successful 
attributes of a mathematics professor, pedagogical strategies to enhance classroom 
learning, and various methods to increase students’ self-efficacy.  
The results of this study showed the usefulness of a hybrid classroom model 
for attending to individual student needs and enhancing their self-efficacy.  The 
outcomes also suggested the hybrid model would be beneficial to introductory 
courses, where students of varied backgrounds congregate to become proficient with 
foundational concepts.  Moreover, this collection of student perspectives offered 
evidence that components of a hybrid model can be optimized for full effect on 
learning outcomes.  For diverse STEM students, this setting was a venue in which to 
strengthen content knowledge while participating in the discourse of the STEM 
communities to which they strive to gain membership.  Increasing diverse students’ 
self-efficacy in this way can lead to similar future interactions and identification with 
peers and authorities in STEM fields; an important consequence, as engagement and 
self-identification with STEM professionals has been reported to lead to an increase in 
the likelihood of retention (Carlone & Johnson, 2007). 
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INFORMED CONSENT FORM 
Project Title:     Study of Pedagogical Strategies in College Algebra 
Principal Investigator:  Derron Coles 
Student Researcher:     Michael Furuto 
Co-Investigator(s):    None 
Sponsor:      None 
Version Date:      June 25, 2012 
 
 
1. WHAT IS THE PURPOSE OF THIS FORM? 
This form contains information you will need to help you decide whether to be 
in this study or not.  Please read the form carefully and ask the study team member(s) 
questions about anything that is not clear. 
 
2. WHY IS THIS STUDY BEING DONE? 
The purpose of this study is to analyze the effect of two instructional strategies 
(traditional instruction and cooperative learning) on culturally diverse students 
learning math.  Research has indicated that diverse students tend to struggle in the 
college math classroom.  My personal goal is to use the research results to increase the 
math performance of culturally diverse students.  I am interested in studying what 
students and teachers can do to more effectively learn math.  I intend to use this 
research for the completion of my dissertation. 
Up to 20 students may be invited to take part in this study. 
 
3. WHY AM I BEING INVITED TO TAKE PART IN THIS STUDY? 
You are being invited to take part in this study because you are a student in 
Math 111 College Algebra in the Educational Opportunities Program (EOP).  Because 
I am studying the effect of teaching strategies on diverse students and because the 
EOP is designed to support such students, I have decided to select students in an EOP 
Math 111 class as my project’s participants. 
 
4. WHAT WILL HAPPEN IF I TAKE PART IN THIS RESEARCH STUDY?   
The study activities include interviews, journal reflections, classroom 
observations, and video recordings of groups of students performed by the researcher.  
While the classroom observations and video recordings (both only of the participants) 
will take place during class time, the interviews and journal reflections will occur 
outside of class.  There will be two individual interviews between you and the 
researcher that will last approximately 15 minutes each.  There will be one journal 
reflection per week completed by you and submitted to the researcher, and each 
reflection will take 5-10 minutes.  
During the interviews, we will discuss math learning and teaching strategies.  I 
can assure you of complete confidentiality of all responses.  Participation is 
completely voluntary, so you have the right to withdraw/withhold information, or end   156 
the interview at any time.  The total expected length of participation is between 90-120 
minutes.  
To help me ensure my records are accurate, the study will involve video 
recording, where I will video record groups of students working on math problems.  I 
will do my best to ensure the security of the recordings, as I will be the only person 
with access to the video.  I will position the participants of the study in the classroom 
so that only they will be video recorded.  If non-participants’ voices are captured 
inadvertently then it will not be used in the study.  If you do not wish to be audio or 
video recorded, please let me know, as you won’t be able to participate in the study.  
Your interview responses and group work discussions are important to me and in order 
for me to accurately record them, may I audio and video record the conversations? 
 
______I agree to be audio and video recorded. 
Initials 
 
______I do not agree to be audio and video recorded. 
Initials 
 
Storage and Future use of data or samples: Data will be retained for three years 
post study termination, digitally on a password protected hard drive that is stored in a 
locked filing cabinet in my office.  These records will be destroyed after three years of 
the assignment.  Future use of your information will be limited to studies about math 
teaching strategies.  If you agree now to future use of your personal information, but 
decide later that you would like to have your personal information removed from 
research database, please contact Michael Furuto at furutom@onid.orst.edu.  May I 
store your information for use in future studies?  
 
______You may store my information for use in future studies. 
Initials 
 
______You may not store my information for use in future studies. 
Initials 
 
Future contact: We may contact you in the future for another similar study.  You 
may ask us to stop contacting you at any time. 
Study Results: If you are interested in the results generated from this study, I will 
share them with you through confidential meetings. 
 
5. WHAT ARE THE RISKS AND POSSIBLE DISCOMFORTS OF THIS 
STUDY? 
The possible risks and/or discomforts associated with being in the study 
include a possible breach of confidentiality.  Although we will do our best to keep all 
data confidential, there is a risk that we could accidentally disclose information that 
identifies you.  Also, participants may experience some anxiety from questions while   157 
interviewing with the researcher.  If so, we can skip the question and move on to the 
next. 
 
6. WHAT ARE THE BENEFITS OF THIS STUDY? 
We do not know if you will benefit from being in this study.  However, you 
may more explicitly understand math teaching and learning strategies that work best 
for you.  My hope is that participating in this study will be a good learning experience 
for you.  I will present and discuss research results that could help you understand 
math more effectively.  Furthermore, the outcomes of this research will provide math 
instructors with knowledge of how to better assist culturally diverse students to 
improve their academic performance. 
 
7. WILL I BE PAID FOR BEING IN THIS STUDY? 
You will not be paid for being in this research study.  However, you will 
receive a $10 gift card and an item of OSU memorabilia (pen, pencil, or similar item).  
You will also be awarded with extra credit for doing extra work by completing the 
journal reflections.  Non-participating students will also be given an opportunity to 
receive extra credit by completing similar journal reflections. 
 
8. WHO WILL SEE THE INFORMATION I GIVE? 
The information you provide during this research study will be kept 
confidential to the extent permitted by law.   Research records will be stored securely 
and only researchers will have access to the records. Federal regulatory agencies and 
the Oregon State University Institutional Review Board (a committee that reviews and 
approves research studies) may inspect and copy records pertaining to this research.  
Some of these records could contain information that personally identifies you.  If the 
results of this project are published your identity will not be made public.  All student 
names will remain anonymous and completely confidential.  To help ensure 
confidentiality, pseudonyms will be used for all student names involved.   
After the interviews are transcribed, the original audio recordings will be 
erased.  After the videos are transferred to my hard drive, the original video recordings 
will be erased.  All data collected will be accessed only by the research team and will 
be destroyed three years post-study.  Data will be retained digitally on a password 
protected hard drive and stored in a locked filing cabinet in my office. 
 
9. WHAT OTHER CHOICES DO I HAVE IF I DO NOT TAKE PART IN THIS 
STUDY? 
Participation in this study is voluntary.  If you decide to participate, you are 
free to withdraw at any time without penalty. You will not be treated differently if you 
decide to stop taking part in the study. If you choose to withdraw from this project 
before it ends, the researchers may keep information collected about you and this 
information may be included in study reports.  If you choose to not participate in this 
study, it will not affect your grade, class standing, or relationship with your instructor. 
   158 
10. WHO DO I CONTACT IF I HAVE QUESTIONS? 
If you have any questions about this research project, please contact: Derron 
Coles at colesd@onid.orst.edu or Michael Furuto at furutom@onid.orst.edu.  If you 
have questions about your rights or welfare as a participant, please contact the Oregon 
State University Institutional Review Board (IRB) Office, at (541) 737-8008 or by 
email at IRB@oregonstate.edu. 
 
11. WHAT DOES MY SIGNATURE ON THIS CONSENT FORM MEAN? 
Your signature indicates that this study has been explained to you, that your 
questions have been answered, and that you agree to take part in this study.  You will 
receive a copy of this form. 
 
Participant's Name (printed):  _____________________________________________ 
 
___________________________________  _______________________________ 
 (Signature of Participant)             (Date) 
 
___________________________________  _______________________________ 
(Signature of Person Obtaining Consent)           (Date) 
 
     159 
 
 
 
 
 
 
 
 
APPENDIX B 
INITIAL INTERVIEW QUESTIONS 
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Initial Interview Questions 
1.  How do you feel about math? 
a.  Like?  What do you like about math? 
b.  Dislike?  What frustrates you about math? 
c.  What do you do when you get frustrated? 
2.  What is your favorite subject in school? Second and third? Why? 
3.  In your opinion, what can math teachers do to help you be successful? 
4.  In your opinion, what can you do as a math student to be successful? 
5.  What is one thing easy for you to do in math class? Why? 
6.  What is one thing hard for you to do in math class? Why? 
7.  When we do math, what kind of math do you like to do? Give examples. 
8.  What are some qualities a student who excels in math needs to be able to do? 
9.  Do you see people using math outside of the school day? When? 
10. Can you think of jobs that use math? What? 
11. What type of job would you like to do? Can you see math involved in that job? 
How so? 
12. When doing homework, do you work individually or with other students in 
groups?   
13. Do you like working individually or in groups better? Why? 
14. Do you feel that group work helps you to learn better? Why? 
15. Do you think building good relationships with classmates is beneficial? Why? 
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Final Interview Questions 
 
1. Which teaching strategy (lecture or collaborative) do you feel you learned more 
from? Please explain.  
2. Which teaching strategy do you like more? Why? Please describe what you learned 
in the lecture, but not the workshop, and vice versa. 
3. Through teaching others, do you feel like you were able to learn more? 
4. When doing homework, do you work individually or with other students in groups?   
5. Compared to the start of the project, do you feel more comfortable discussing math? 
Why?  
6. Do you feel more comfortable forming and studying in groups? Why? 
7. Were you able to build good relationships with classmates? In what ways? How do 
you think that has helped you? 
8. Do you think you’ll study with your classmates in the future? How will that help 
you? 
9. There’s a term, social capital, which basically means the benefits of network 
trusting relationships. Do you think students can increase social capital by working 
with classmates? How? 
10. Do you feel like your social capital increased through this math class? In what 
ways? 
11. Do you feel like you’ve learned more math vocabulary? Do you feel like you’re 
using more math terms? How so? What is the first new math term you’ve learned that 
comes to your mind?   163 
12. What is your major? Do you see a connection between your major and math or 
other classes? Do you see how someone in your field can use College Algebra? If yes, 
how is College Algebra used in your major field?  
13. Did you learn more about applications of math (how to apply math in the real-
world) during the lectures or workshops? Please explain.  
14. Reflecting back on the term, what do you feel were the most helpful qualities of 
the instructor with regard to your grasping the concepts?  
15. Thinking back on the term, what do you feel is the most useful type of function 
(equation) when it comes to real world application? That is, which can you think of 
having many uses in real life. For example, shopping, etc.  
16. Did the instructor’s mention of the applications (real-world examples) help you 
understand it better? 
17. What do you feel you gained from participating in the project? 
18. What do you feel you gained from writing the journal reflections? 
19. What lasting comments do you have on the overall project? 
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Copyright prevents the inclusion of the entire MSES but allows for the inclusion of 
five sample questions.  Three questions are provided from Part I of the survey and two 
questions are provided from Part II.  Students are asked to rate their level of 
confidence to complete the following everyday mathematics tasks or math-related 
courses with a B or higher.  Students select answers to each question based on a 10-
point scale (0-9) with “0” representing “No Confidence at All” and “9” representing 
“Complete Confidence.” 
 
Part I Sample Questions 
1.  Estimate your grocery bill in your head as you pick up items. 
2.  Figure out which of 2 summer jobs is the better offer: one with a higher salary but 
no benefits; the other with a lower salary but with room, board, and travel expenses 
included. 
3.  Figure out how much lumber you need to buy in order to build a set of 
bookshelves. 
 
Part II Sample Questions 
4.  Complete a Statistics course with a final grade of “A” of “B”. 
5.  Complete an Accounting course with a final grade of “A” of “B”. 
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Journal Reflection Questions 
Running question for each week: What did you learn this past week?  How did you 
feel while learning math in class this past week?  
 
•  What are your goals for Math 111 College Algebra?  What do you think you can 
do to accomplish these goals?  What do you think the teacher can do to help you 
accomplish these goals?  What do you think your teacher wants you to learn from 
College Algebra? 
•  Which teaching strategy do you like better: Traditional (teacher exclusively 
lectures and students learn independently) or collaborative (group work such as 
workshops)?  Why?  Do you enjoy working more individually or in groups?  Can 
you provide two strengths and two limitations of working individually?  Can you 
provide two strengths and two limitations of working in groups? 
•  Do you feel discussing math and working through problems with your classmates 
helps cultivate your math skills?  In what ways?  Do you feel discussing math and 
working through problems plays a role in building good relationships with your 
classmates and teacher that will help you in this class as well as future classes?  
How? 
•  Do you feel discussing math with your classmates helps strengthen your academic 
performance?  How?  Do you feel building good relationships with your 
classmates and teacher strengthens your academic performance?  Please explain.    168 
Do you think you can connect this deeper understanding of math to other courses?  
Please explain. 
•  Do you feel more comfortable in the traditional setting (teacher exclusively 
lectures and students learn independently) or the collaborative setting (group work 
with classmates)?  Please explain why.  Which setting (traditional or collaborative) 
do you consider more challenging as far as thinking critically?  Please explain.  
•  Compared to the start of the course, do you feel more confident doing math?  How 
have the following activities affected your math self-efficacy (confidence-level)?  
Group work, traditional instruction, and homework.  
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Pre-Interview  
Name: Adam 
Major: Fisheries and Wildlife Biology 
Year: Junior 
Age: 26 
Ethnicity: White 
 
Michael: How do you feel about math? 
 
Adam: I generally dislike it.  
 
M: OK, so what do you dislike about math? 
 
A: A lot of stuff I just don’t get. A lot of it just… don’t really like in my brain what 
looks like a logical conclusion isn’t the answer. And then what should be a logical 
conclusion I don’t see.  
 
M: Are there any things you like about math?  
 
A: I mean when it works. [smiles]. 
 
M: Yeah, it’s great isn’t it? 
 
A: Yeah. [laughs]. In other classes and not just math, like chemistry, when I really can 
manipulate numbers around and it works and everything and it theoretically works 
perfectly, yeah, it’s great. I love it!  
 
M: So when something does work and you have that “aha” moment, how do you feel?  
 
A: Fantastic! Because it actually worked, especially because I know most of the times 
for me it doesn’t usually work.  
 
M: K, so earlier you talked about what you disliked about math when you didn’t get 
stuff, what do you typically do when you get frustrated? 
 
A: You know, it really depends. Most of the times I just stop and either move on to 
another problem or give it up and get back to it. Try to clear my head, I guess.  
 
M: Right, do you ever find opportunities to ask classmates or friends for help?  
 
A: Yeah, absolutely. I’m pretty lucky I live with a couple of graduate students, even 
though I’m an undergrad. And two of them are Ph.D. candidates in chemistry and 
related fields so they are all pretty math friendly. 
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M: Cool, that’s probably a big help. 
 
A: Yes, definitely. 
 
M: So, what is your favorite subject? 
 
A: Ummm, probably chemistry. 
 
M: And what’s your second and third most favorite?  
 
A: Oceanography, I took a class last term and that was pretty cool, and then probably 
biology.  
 
M: Why do you like chemistry first? 
 
A: It’s just really cool taking like 18 different things, mixing it together, and you get 
just an entirely different and actually useful substance. Making soap for example, 
yeah. 
 
M: Pretty fascinating stuff, huh? 
 
A: Yeah, very interesting stuff. 
 
M: All right. So, where does math rank? 
 
A: Pretty low. 
 
M: OK, in your opinion, what can math teachers do to help you be successful? 
 
A: Ummm, I mean, there’s obviously many different ways of going about each 
problem, and I think maybe not always doing it the same type of way like my last 
math teachers at this school did. And I just hated the class because no matter what she 
always did it her way. And even when we were writing it out, if we didn’t do it her 
way we got points off or whatever. I think just being more open to other ways. 
 
M: So, teaching using multiple methods.  
 
A: Yeah. 
 
M: OK, in your opinion, what can you do as a math student to be successful? 
 
A: You have to take advantage of TA’s and office hours and the math lab, which is 
why I’m taking Math 111, you know the most failed math class on campus, over the 
summer because that’s all I have to worry about. Like this is it, so I have all that time   172 
to go to [Dr. Sanders] at office hours and go to different TA appointments and stuff 
like that.  
 
M: K, so what is one thing easy for you to do in math class?  
 
A: Ummm, I think basic algebra is right at my speed, you know x equals, and solving 
for x, and pemdas, I really hammered that to the bone. 
 
M: What is one thing hard for you?  
 
A: Factoring. I loathe factoring. 
 
M: Oh yeah, the grueling factoring. 
 
A: Yeah! [laughs]. I hate it so hard. 
 
M: Why do you hate factoring. 
 
A: I think I just never learned it properly and timestable really helps there although I 
don’t think I’m really that strong in timestable. And it’s just always confusing for me. 
I just never really got it. 
 
M: K, so when we do math, what kind of math do you like to do? Do you have any 
examples of particular problems you like doing? 
 
A: I don’t know. I mean in chem we used a lot of conversion factors, like they’ll give 
you x amount of grams and you need to convert it, you need to know how to transition 
that into moles and into other things. I think it was really helpful to see that.  
 
M: Cool, what are some qualities a student who excels in math needs to be able to do? 
 
A: See multiple options. Be able to actually intrinsically see that there are other ways 
out there. 
 
M: Why do you think that would be helpful? 
 
A: Because sometimes one method doesn’t work. Especially when you get to the 
higher level stuff, you need to know that one method’s not going to work, but another 
method will work. So you have to be able to do many different things.  
 
M: Yeah, definitely.  Do you ever see people using math outside of school?  
 
A: Yeah, of course. All the time. 
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M: Can you give examples of when? 
 
A: I don’t know you go into the bank, and you have your bank account balance in your 
head, you go into the bar and you open up the tab. You know, a beer costs a buck fifty, 
you need to know how many beers I can buy before I have to close my tab before I get 
a negative balance.  
 
M: Yeah, can you think of any particular jobs that use math?  
 
A: Everything. Ummm, I’m a waiter, I work at Applebee’s. I use it all the time 
because the computers never work really well and you know, people pay me in cash, I 
need to know how much change to give them back. And then, all kinds of stuff, I 
mean, I’m a Fishery and Wildlife Biology major, so I’m going to be doing a lot of 
sampling and things like that. You know, knowing how many samples of different 
species at certain points and relating that to you know functions and graphs. 
 
M: Yeah, so we talked a little about how math relates to your major, can you talk a 
little bit more of other relationships between math and your major? 
 
A: I think it’s more the way math teaches you to think as opposed to actually 
crunching numbers. Math kind of teaches you if you don’t have one – if you have one 
variable – you know, you don’t have one concrete answer, how you then find that 
answer? And I think you can change that way of thinking into anything.  
 
M: Cool, so after you graduate, what type of job would you like to do?  
 
A: I want to be a Senator. 
 
M: Awesome. 
 
A: [smiles]. 
 
M: Can you see math involved in that job?  
 
A: Yeah, probably. 
 
M: Can you think of any specific ways? 
 
A: Well, I mean right now, we’re in this crazy financial crisis, budgets are going to be 
key. You know, we’re losing social security, we have unemployment rates through the 
roof. And all that is policy based.  
 
M: Yeah. 
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A: And one of the big reasons we’re in this depression, if you will, which is more like 
a recession, is because of poor banking policies. You know, during Bill Clinton’s 
administration back in the 90’s. That’s someone who maybe not didn’t do the math, 
but didn’t do the research to see that his math was wrong. Twenty years later it’s 
destroying the country. 
 
M: OK, so when doing homework, do you work individually or with other students in 
groups?   
 
A: I work individually. 
 
M: Do you like working individually or in groups better?  
 
A: Ummm, I think a little bit of both. When I’m home it’s better to do it by myself, 
because I can turn on the TV and work at my leisure. But when we do it in class, if I 
don’t understand something and the girl doesn’t understand something then we can 
work together to get around it. 
 
M: Yeah, I saw you guys making a lot of progress working together. 
 
A: Yeah. 
 
M: How does group work help you to learn better?  
 
A: I mean it goes back to the whole multiple ways of doing something. It’s good to 
know many different strategies. And maybe I’m really good at one way, and she’s 
good at another way, and the teacher’s really good at the third way, you know just 
having multiple tools in your bag to use come test time. 
 
M: Yeah. All right, last question: Do you think building good relationships with 
classmates as far as doing homework together and answering problems together is 
beneficial? And, why? 
 
A: Yeah, absolutely. You know, forget the social aspect of it, where you know, it’s 
always good to have more friends and people you can lean on in case something goes 
wrong. But, just educationally speaking, it’s good to first off see many ways of doing 
things. And say I get sick and can’t make it to class, you know I can find someone that 
can maybe give me the notes. Just things like after tests, just discussing things and 
going over it together and things like that where I can see what I did wrong based on 
what she did right, and the other way around.  
 
M: Great, do you have any questions or comments? 
 
A: Nope.    175 
 
M: All right. Thanks a lot. 
 
A: Thanks.  
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Pre-Interview  
Name: Angela  
Major: Mechanical Engineering 
Year: Junior 
Age: 29 
Ethnicity: Hispanic 
 
Michael: First off, how do you feel about math? 
 
Angela: I feel good about it. It comes easy to me.   
 
M: Would you say you like or dislike math?  
 
A: I like it. 
 
M: What do you like about math? 
 
A: It’s challenging – It gives you a challenge. It’s something you can use in real life.  
 
M: Yeah, definitely. Is there anything that frustrates you about math? 
 
A: Just when the teacher doesn’t explain it or kind of show us how to use it. 
 
M: So, when you do get frustrated, what do you tend to do? 
 
A: Just try to clear my mind and focus on what’s going on. 
 
M: OK, so, what is your favorite subject? 
 
A: Probably math. 
 
M: Why do you think math is your favorite? 
 
A: It’s just because you can use it in real life. It always seems to follow you where you 
go. It’s not like something you take that you’re not going to ever see again. 
 
M: Cool, and what is your second and third favorite subjects? 
 
A: Science is probably my second. Third probably chemistry. 
 
M: OK, in your opinion, what can math teachers do to help you be more successful? 
   177 
A: Show us how to use it in the real world. Kind of explain it and not just, you know, 
move slowly so everybody can understand what’s going on instead of quickly moving 
through the subject.  
 
 
 
M: K, so what do you think you can do as a student to be successful? 
 
A: Stay on top of what you’re doing. Go back and look at prior assignments and stay 
focused and participate.  
 
M: All right, in math class, what do you think is one thing easy for you to do? 
 
A: Ummm, I guess kind of like paying attention and understanding what’s going on. 
 
M: And, is there anything that’s hard for you to do? 
 
A: I don’t think so really.  
 
M: OK, what type of math do you like to do? 
 
A: I think probably graphing. 
 
M: Why do you like graphing? 
 
A: It’s just something that you can take the numbers and put it in something that’s 
visual instead of just writing and memorizing it. 
 
M: OK, for a student who excels in math, what are some qualities you think that 
student needs? 
 
A: Needs to be able to first of all understand what’s going on, needs to be good at 
numbers. 
 
M: Yeah, OK.  Outside of school, do you see people using math? 
 
A: Yeah. 
 
M: Can you give me some examples? 
 
A: Like in engineering we are writing our MATLAB and it’s all math problems. 
We’re learning how to understand how to use the math and how to break it up and 
how to make the program do what it needs to do. 
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M: OK, so you talked a little about engineering, and let’s continue to expound on that. 
For people who have careers in engineering, how do you think they use math? 
 
A: Well, they need to use math knowledge of how to understand what we are doing, 
and how to build problems, and how to measure to understand like the force of and 
object’s going to work or the length or the material strength. You have to understand 
what math is good and how you use math in everything we do.  
 
 
M: Cool, when you graduate, what type of job would you like to do? 
 
A: I’d like to work, and I already have an A & P (Airframe and Powerplant) license, 
I’d like to go back to aviation.  
 
M: OK, so when doing your math homework, do you typically work individually or 
with others? 
 
A: Individually 
 
M: Do you like working better by yourself or with others? 
 
A: With others.  
 
M: Can you explain why? 
 
A: It just helps you to understand, like if you understand something and explain to 
someone else who doesn’t, or vice versa, then it just makes life a little easier.  
 
M: OK, if you can expand on that, how do you feel group work helps you to learn 
better? 
 
A: Everybody can work off of everybody. If you don’t understand something, 
somebody can explain it to you. If they don’t understand it, then you can explain it to 
them. And so you all work together and get different views of what’s going on.  
 
M: Yeah, that’s great! So you get a multi-perspective view? 
 
A: Yes. 
 
M: OK, do you think building good relationships with your classmates is beneficial? 
 
A: Yes, because if you have good bonding with them, you can always go and ask 
questions and you can work more easily with someone because you already have a 
bond with them rather than with someone you aren’t close to.    179 
 
M: All right, that’s all the questions for now. Is there anything else you would like to 
add? 
 
A: Nope, that would be it. 
 
M: All right, thank you.  
 
A: Thanks. 
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Pre-Interview  
Name: Cassie 
Major: Merchandising Management 
Year: Senior  
Age: 21 
Ethnicity: White (Italian/Irish) 
 
Michael: OK, how do you feel about math? 
 
Cassie: I hate math.  
 
M: You hate it? Why?  
 
C: I’m just really bad at it. I used to be good and then I transferred schools and the 
math department wasn’t very good there. And ever since then, I didn’t like it. 
 
M: So, what frustrates you about math? 
 
C: Everything. I just don’t get it at all. 
 
M: So when you do get frustrated, what do you to do? 
 
C: I usually ask my dad for help. 
 
M: Do you ever try to ask your classmates or friends? 
 
C: I sometimes ask my roommates. 
 
M: Is there anything you like about math? 
 
C: No. 
 
M: What is your favorite subject? 
 
C: English. 
 
M: And your second and third? 
 
C: Physical Education and Writing. 
 
M: So in your opinion, what can math teachers do to help you be more successful? 
 
C: I have no idea. Uhhh, maybe… I have no idea. Maybe just have smaller classes so 
there’s more one-on-one time versus big lectures.   181 
 
M: Yeah. How do you think smaller classes help you? 
 
C: Because you get the one-on-one time and you can take advantage of it by being 
able to ask questions. 
 
M: All right, and in your opinion, what do you think you can do as a student to be 
more successful? 
 
C: Go get help when I need it.  
 
M: K, what would you say are some qualities a student who excels in math needs to be 
able to have? 
 
C: They have to be smart. They’re usually really good at science, too. 
 
M: What kind of study habits? 
 
C: Ummm, I feel like math you either get it or you don’t. And then people who get it 
don’t really have to study that hard. And people who don’t get it have to study really 
hard.  
 
M: OK, outside of school, do you see people using math? 
 
C: Yeah. 
 
M: Can you give me any examples? 
 
C: I have an internship. It’s like selling merchandise and some people get a 10% 
discount, then we have to do the calculations in our head for that. 
 
M: And is that an internship you’re currently doing? 
 
C: Yeah, I’m doing it right now. 
 
M: Cool, where’s it at? 
 
C: It’s the Corvallis Knights baseball team. 
 
M: Fun! 
 
C: Yeah [laughs]. 
 
M: What do you do for the Knights?   182 
 
C: I’m a merchandise intern, so I handle merchandise like selling and designing some 
of it. 
 
M: Can you think of jobs that use math? 
 
C: Like every job, except writers. 
 
M: K, after you graduate what type of job would you like to do? 
 
C: I want to get into marketing or merchandise for like a sports team. 
 
M: Can you see math involved in that job? 
 
C: Unfortunately. 
 
M: What type of math? 
 
C: I think just the quick algebra problems, like adding and subtracting. 
 
M: OK, so when doing your math homework, do you typically work individually or 
with others? 
 
C: By myself. 
 
M: And, do you like working better individually or in groups? 
 
C: I like working with groups when I understand it, but when I don’t I just like 
working by myself.  
 
M: Why do you like working better with groups when you understand it? 
 
C: So I can contribute and look smart. 
 
M: Do you feel that group work helps you to learn better? 
 
C: Sometimes, sometimes it just, it’s overwhelming. 
 
M: So when are the times you feel like it does help you? 
 
C: I like it when it’s one-on-one versus a large group.  
 
M: All right, so do you think building good relationships with your classmates is 
beneficial?   183 
 
C: Yeah, I think it’s just good to have somebody you know in the class, just in case 
you miss something they can help you out. 
 
M: Yeah, so helping you out in case you miss something. As far as doing math work 
itself, could you explain why that would be beneficial? 
 
C: So they can help you understand it. 
 
 
M: Is there anything else you would like to add? 
 
S: No. Thank you. 
 
M: Thanks.  
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Pre-Interview  
Name: Chelsea 
Major: Merchandising Management 
Year: Junior 
Age: 22 
Ethnicity: Asian (Tibetan)  
 
Michael: How do you feel about math? 
 
Chelsea: It’s not one of my favorite subjects just because I am not the best at it and 
struggled with it in the past. But, I mean, you use it a lot, and so, I kind of enjoy some 
of the parts of it. I’m finding that once I learn more it gets easier. 
 
M: OK, that’s good. So what parts do you like about math? 
 
C: I like finding out percentages and graphs. I’m a pretty visual learner so I think the 
graphs, chart, all of that help me a lot learning. 
 
M: And is there anything you dislike about math? 
 
C: In the beginning fractions were kind of hard for me, I just never really understood 
it, but I’m leraning more in this class, especially in the beginning right now fractions 
are becoming easier, I like it.  
 
M: K, so if you are doing math and happen to get frustrated with a problem, what do 
you tend to do? 
 
C: I tend to find an example either in the book or maybe search for it online for like an 
example if I don’t have the teacher to talk to. 
 
M: Do you ever ask one of your classmates or friends for help? 
 
C: Yeah, classmates are really helpful. 
 
M: So what is your favorite subject in school? 
 
C: My favorite subject is English, and then Biology.  
 
M: Why do you like Enligh? 
 
C: Well, since English is my second language it was hard in the beginning but I 
learned it quite fast and a lot quicker than most of my friends and I do help out my 
parents with it. And I like reading and writing and all of that. 
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M: OK, cool. So with Engligh being your first, Biology your second, what’s your 
third? 
 
C: My third favorite subject would have to be just like the arts. 
 
M: And where would you say math ranks? 
 
C: Math probably ranks last. 
 
M: All right, so in your opinion, what can math teachers do to help you be successful? 
 
C: I like how some of my math teachers in the past have gone over homework 
questions that students didn’t understand, and most of the students were stuck on the 
same question. So, I think that going over things that we don’t understand together and 
giving more examples is helpful. 
 
M: OK, so in your opinion, what can you do as a student to be more successful? 
 
C: Attend class and take good notes. Ask questions, all of that. 
 
M: What would you say is one thing easy for you to do in math? 
 
C: Something that’s easy for me, I think following the examples. I’ve learned that 
after doing some of the homework questions online, it has the option to give you an 
example of how to do it, and it gives you step by step, so that’s really helpful. 
 
M: OK, and what would you say is one thing hard for you? 
 
C: Ummm, some of the forms, if it asks you to put it in a certain form I have trouble 
trying to figure out what it’s asking me. I’ll like go ahead and figure out the whole 
answer but that’s not what it’s asking me to do, it’s asking me to get the basic 
function. 
 
M: Yeah, OK. So, for a student to excel in math what kind of qualities should they 
have? 
 
C: I guess they have to have an interest in math, or some kind of interest. Maybe good 
listening skills and just to know that it might help in the future just to have that. 
 
M: Right, so outside of school, do you see people using math? 
 
C: Yes, all the time. I mean I struggle with it but I use it almost day to day. 
 
M: OK, so for yourself, when would you use math?   186 
 
C: Well when I go to a store to calculate prices if I do have a budget to add or subtract, 
even discounts, and all that, you use a lot of math. 
 
M: OK, can you think of jobs that use math? 
 
C: I think most like all jobs require some kind of math. Where I work now, I work at a 
sushi restaurant and I have to measure out rice and vinegar and it has to be the right 
proportions, so I use math for that. But I think mostly all jobs use math.  
 
M: What type of job after you graduate would you like to do? 
 
C: I’m going to minor in business and entrepreneurship so I want to work with 
merchandising and also business, so some type of office work. I would like to be like a 
creative director, there’s a lot I’m interested in so hopefully I figure it out once I get 
there. 
 
M: That’s good. Keep your options open. 
 
C: Yeah. 
 
M: So how do you see math involved in those jobs? 
 
C: For merchandise management, I feel like you have to know sales and you have to 
have all these different sale support and all the other financial reports you have to use 
math with that. 
 
M: So, when when you do your math homework, do you typically work individually 
or with other students? 
 
C: I tend to work individually, but I do have a couple friends that are in higher level 
math classes so I do ask them if I need help. So that’s nice. 
 
M: Good, so do you like working individually or in groups better? 
 
C: Ummm, individually first because I like to see where I’m at, and then I like to 
compare and find answers and work together after to compare answers. 
 
M: Do you feel that group work helps you to learn better or not? 
 
C: I think it depends on certain activities, and even the group members if they are not 
helpful at all it’s negative sometimes for you. And if you’re ahead of them, it’s not 
helpful. 
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M: OK, so do you think building good relationships with your classmates is 
beneficial? 
 
C: Yes, because if you do need help and you do know that they understand it you can 
always ask them for help if you need it. And it’s nice to have them there for you. 
 
M: All right, that’s all the questions I have. Is there anything else you would like to 
add? 
 
C: That’s everything. Thank you. 
 
M: Thank you! 
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Pre-Interview  
Name: Dante 
Major: Agricultural Business 
Year: Sophomore 
Age: 22 
Ethnicity: Hispanic  
 
Michael: OK, how do you feel about math? 
 
Dante: I feel like when I was in grade school I was good, and then I just never really 
advanced myself. In high school, I got in trouble, and the first part of college I got in 
struggle, but then I took a little break of school, and got into the right mentality about 
things and getting help which I never used to.  
 
M: So, would you say you like or dislike math? 
 
D: I like it a lot more now, especially I like that most of the professors I have are 
really happy about what they teach so it gives me some things to think about and be 
happy about.  
 
M: And is there anything you dislike about math? 
 
D: Yeah, like the different things you can use it for, I used to think that it was real 
limited but the teacher we have now is doing a good job of explaining things that we 
do need it for. Maybe not in everyday life, but they are definitely out there. 
 
M: OK, so if you are doing math and happen to get stuck or frustrated with a problem, 
what do you tend to do? 
 
D: I tend to go straight back to the beginning and work it out maybe a different way or 
write it out more and if that doesn’t work then I just ask for help. 
 
M: In your opinion, what can math teachers do to help you be more successful? 
 
D: Well, having small classes like this really makes it at a personal level to ask 
questions and not have to wait til after class when most of the time after class you’re 
all put out and don’t want to ask things anyways. 
 
M: OK, and what do you think you can do as a student to be more successful? 
 
D: Come to class everyday and do all of my homework assignments. Maybe not the 
night before, but definitely at least two nights before. 
 
M: What would you say is one thing easy for you to do in math?   189 
 
D: One thing easy? Breaking down problems I’m pretty good at. When I get in trouble 
is when I need to use a certain type of problem solving method, that sometimes I don’t 
practice it enough to recognize it when I need it. 
 
M: OK, when we do math, what kind of math problems do you like to do? 
 
D: I like to do linear problems. I like to work with graphs definitely because I can see 
the product and that’s nice to see what you’ve worked for. 
 
M: Yeah. So for a student to excel in math, what are some qualities you think are 
important? 
 
D: They need to have patience and they need to know the sources that are out there. I 
know that’s real cliché, but that’s really what it come to. 
 
M: Yeah, what types of sources? 
 
D: First, the teachers and their office hours, and then maybe if you go to the library if 
you have some money left over and you really need help, then you can hire somebody 
or they have math help at the math building.  
 
M: Right, so outside of school, do you see people using math? 
 
D: Yeah, everyday. My brother’s a farmer and I see him constantly using math to 
figure out if he can fit everything in a plot of land, and if not then he needs to figure 
something out. Maybe it’s not very hard math, but it’s definitely math and it’s tedious. 
 
M: Yeah, it is, and if you make a small mistake. 
 
D: Yeah, then you have 200 extra plants that you don’t have space for. [laughs]. 
 
M: OK, can you think of jobs that use math? 
 
D: Almost every job that you’re going to get from Oregon State, like engineering, 
probably one of the biggest, because without that you’re going to have crumbling 
buildings everywhere.  
 
M: K, what type of job after you graduate would you like to do? 
 
D: I’d like to do my family business, farming.  
 
M: So, when when you do your homework, do you typically work by yourself or with 
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D: By myself, usually.  
 
M: And do you like working better individually or in groups? 
 
D: Not necessarily. I feel like if there’s somebody that’s in my class that I can connect 
well with on the personal level then it can help a lot by just throwing ideas. 
 
M: So you talked a little about this, but do you feel that group work helps you to learn 
better? 
 
D: Yeah, yeah. I do. I think that maybe more than one kind of inhibits, if it’s one on 
one, I feel that it’s probably the best – the pinnacle of your learning experience – in 
math terms. [laughs]. 
 
M: All right, so how do you think working in groups helps you to learn better? 
 
D: I think just throwing ideas, even though they’re right or not, it makes your brain 
work and that can be really good for somebody’s learning is that maybe they have the 
same idea you did that was wrong, so that in turn makes you feel better about yourself, 
for one, so that you’re not alone. But also you can both work through it and I think it’s 
even more solid when you do work through it. 
 
M: Yeah, definitely. All right, so do you think building good relationships with your 
classmates is helpful? 
 
D: Yeah, I do. I just like to sit in class and try to be active right away, and whoever 
else is active, usually everybody is once somebody gives the initiative to speak out, 
then it helps everybody else, too.  
 
M: All right, that’s all the questions I have. Is there anything else you would like to 
add? 
 
C: I don’t know. I think it’s pretty good. 
 
M: All right, thank you. 
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Pre-Interview  
Name: Jason  
Major: New Media Communications 
Year: Senior 
Age: 25 
Ethnicity: White (Swedish/Slovak/Irish/English) 
 
Michael: OK, how do you feel about math? 
 
Jason: It’s a foreign – complete foreign subject. I had a Bachelor of Arts, but the 
university wouldn’t accept my language requirement from my high school, so in order 
to graduate sooner I changed to a Bachelor of Science, which involves math, which to 
me is a foreign language. So, either way it’s just something that has always been 
difficult for me. I’ve always gone to math tutoring since high school and junior high. 
So, it’s always been my constant struggle.  
 
M: Well, math is a tough subject. So why do you think math is frustrating to you?  
 
J: All the constant variables and changing and symbols, I just get confused with x plus 
this for y times z for 42. It’s just… give me the numbers and let me plug them in to try 
and figure out how it gets there.  
 
M: So how is a number a letter? 
 
J: Yeah, that’s basically it. 
 
M: So, when you do get frustrated with math or stuck on a problem, what do you tend 
to do? 
 
J: Sometimes I’ll just close my book or computer or notebook and just take a few 
minutes break, or you know, just do something that relaxes me before going back to 
attempting the problem. So, I just take a quick time-out, I guess, is what I do. That’s 
basically it. 
 
M: OK, so if you do get stuck, do you ever try to ask your classmates or friends for 
help? 
 
J: Yes, I actually had a friend of mine who was a math major and she would provide 
tutoring. My girlfriend absolutely loves math, and so she helps me but apparently I 
never want help or I get frustrated too easily. And so she occasionally helps, not as 
much as she used to, but you know, that’s still something. I’ll ask people for help 
when I need it. I’ve gone to the math center in the past. 
 
M: That’s great. So, what is your favorite subject?   192 
 
J: History. 
 
M: And how about your second and third? 
 
J: That’s kind of tough. English is OK, I guess. Being in a diverse university, I really 
liked the AIDS and STI class I took. It was a good class. Now I’m getting into my 
New Media classes. Sociology, I liked that one. But most of all, history, it’s what I got 
my associate’s degree in. 
 
M: Cool. So why do you like history? 
 
J: Ummm, I just like learning about the past, how America became America. You 
know, what we had to do to get there and the buildup of how the foundation of the 
country started, as well as Western civilization, the ancient tribes, some of the… I took 
a History of Africa/Middle East and that was pretty cool. I also like Western 
civilization, the world history of the Roman Empire and the Greek Empire and 
Mesopotamian stuff like that, it’s just fascinating to me. 
 
M: So in your opinion, what can math teachers do to help you be more successful? 
 
J: You know, some of them are good about getting out there and being involved with 
the students in office hours. When I took Math 103 here, it was very… the instructor 
was open about it, very good about office hourse. He even occasionally went to the 
math center in Kidder and you know, he would always do what he could to help his 
students out. And that’s the kind of thing that makes me as a person feel better is when 
there are people like that who want you to succeed. They want to make sure you are 
getting the help you need. I remember when I took 105 winter term that year, I could 
barely get a return email from the instructor. I couldn’t – I struggled with it the whole 
time. 
 
M: So what year did you take those two classes? 
 
J: I took Math 103 Fall term of 2006, and I took Math 105 Winter ’07. 
 
M: So in the time period since then, did you take a break from school or… 
 
J: In the time I left school in 2008 and deployed to Iraq with my National Guard unit, 
which was deploying months later, but I just took a year off from school. I started 
doing distance education through Linn-Benton Community College, taking courses 
online while serving in Iraq. 
 
M: Wow, taking courses online while serving in Iraq is extremely admirable. So, 
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more successful? 
 
J: I need to just suck it up and go to tutoring, I’ve always visited office hourse once 
with difficulties I’ve been having. So, that’s one step in the right direction, but I just 
need to keep at it and not let it get the best of me. Today with the worksheet I was 
getting a little frustrated. I was really like looking at the board, looking at the 
worksheet, looking at my notes. It just didn’t feel the same and I was getting frustrated 
internally but trying not to show it, because it’s something I know I need help with if I 
want to succeed. I have to go that extra mile to math tutoring. I can’t – there’s time 
management. I’m sure I want to go home right now because I’m done basically for the 
day, but you know, it’s like, no, I need to go to the math center to get help with this. I 
can’t just go home and watch a movie and be lazy, I need to get my math done first. 
It’s on me to do that.  
 
M: So you went to office hours with your teacher? 
 
J: Yes, last week and it was really helpful. 
 
M: That’s great! So, what do you think is one thing easy for you to do in math? 
 
J: Ummm, gosh, it goes back to elementary school, some of the multiplication and 
division. People think it’s weird but I still do long division when I go to the bank. I 
don’t pull out the calculator, I don’t use the one on the side. I try and make sure I’m 
right when it comes to my money oviously, you know, make sure I’m putting the right 
amount in. 
 
M: OK, so what do you think is the hardest thing in math for you? 
 
J: Learning new things is difficult, but once you get the hang of it, it kind of slows it 
down a little bit. I mean, every time I learn something new it just seems difficult, but 
once I get the hang of it, it’s always the next new thing that’s difficult. One of my old 
math instructors was basically here’s a weeks worth of high school math. This is what 
we’re doing and on Friday we’ll take a quiz on it. The next week is something new, 
and then the quiz. It broke down like that and then you took all that stuff and he made 
an exam. 
 
M: K, what would you say are some qualities a student who excels in math needs to be 
able to do? 
 
J: Students that are particular good in math understand what’s going one. You know, 
kind of like the teacher is doing, oh, you understand it, but you’re partner is kind of 
lagging a little. Can you try to explain it to him. That kind of thing. Not everyone can 
be as good as that individual in math. And I kind of face that in history, when I’m like, 
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like I don’t know what I’m doing, you need to break it down Barney-stye for me. I 
mean, I’m more than willing to share information about certain things as long as 
someone is willing to help me out when I need it. So, a student willing to help another 
student is always a good quality. 
 
M: Yeah, definitely.  Do you see people using math outside of school? 
 
J: Depends on their field, as the teacher said, he’ll find a way to use math in 
everyone’s major regardless, and I kind of thought about that as a New Media 
Communications major, I mean, with what I want to do, all I really need to do with 
math is calculate stats, because I want to be a sports broadcaster. So, whether I’m 
doing NHL or NFL, well he had 4 goals, 3 assists, his plus/minus is plus 2. You know, 
that’s kind of math involved, so I can understand that, but for the most part, it varies, I 
think, on which major field you go into. Accounting, business, marketing, economics, 
most definitely. 
 
M: So you basically answered my next question: What type of job would you like to 
do? 
 
J: I want to be a sports broadcaster or a sports journalist. 
 
M: So what would be your dream team to cover? 
 
J: I would love to cover the Miami Dolphins or even the Detroit Red Wings. I love the 
L.A. Kings, my dad was a diehard Kings fan. I’d love to sit next to Bob Miller in the 
Kings’ broadcast box. 
 
M: Cool, so when doing your math homework, do you typically work individually or 
with others? 
 
J: Sometimes I like working with others because you can work together if you’re not 
as strong as somebody else is. Sometimes… it depends on the subject. But sometimes 
I’ll work individually, but most of the time for group efforts, I do group if it’s 
something I don’t understand well. 
 
M: So in math, do you like working better individually or in groups? 
 
J: In groups, most definitely, in a group. 
 
M: OK, whyso in a group? 
 
J: Because it’s, you know, you kind of if somebody has a difference of opinion, you 
can all work out the problem to see who’s right. And it gives you more diverse ways 
to doing a particular question or assignment. I mean, once you work together to get the   195 
job done, working in a group is good because it gives you a more common knowledge 
of the particular subject. 
 
M: Do you think building good relationships with your classmates is beneficial? 
 
J: Yes. 
 
M: And why do you think that? 
 
J: Because if you take a future class with them you’ll be able to, you’ll have that 
common knowledge – oh, I took Math 111 with you. I know this person is a hard 
worker so I can go ahead and work with them in this subject. In the New Media field, 
we have a lot of classes that you take with the same people. It’s like, oh, I know this 
person or I know that person. And we did a lot of study groups and a lot of things 
together, so you kind of know who’s there just to be there and who’s actually working. 
Like, we always, when it came to, for our History of Broadcasting class, when it came 
to the subject of midterms and stuff, we’d say, OK, we have a six-page study guide, 
I’ll do questions 1-20, you do questions 21-40, and we’d break it down like that. And 
then we’d all get together as a group and we’d go over it. And then you’d say, OK, 
well, you’re missing this point and this point for question 24, and then you’d right that 
in and that’s how we worked together. And some people would just show up and be 
like, oh, you have the study guide? Is it done? Can we have it? You know, it’s kind of 
like… 
 
M: Without contributing, I don't think so… 
 
J: Yeah. It’s like, you didn’t really work to get the study guide put together. But, you 
know, stuff like that, you know where the work ethic it takes to sit with a group and do 
work with them. It’s good to build that bond for future classes. 
 
M: OK, so you talked a little bit about productive discussions while working in 
groups. How do you think those discussions are beneficial? 
 
J: It’s beneficial because you come to a better understanding of what a possible answer 
is and you all kind of work together to get that answer. So, it’s the togetherness to get 
the answer. So, overcoming whatever the problem is together. That’s what I’m going 
to go with. 
 
M: All right, is there anything else you would like to add? 
 
J: No. I’m content. 
 
M: Thanks, [Jason].  
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J: Hey, thank you. 
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Pre-Interview  
Name: Jin 
Major: Biology 
Year: 2
nd year at INTO OSU, Freshman in the Fall 
Age: 20 
Ethnicity: Chinese (International) 
 
Michael: How do you feel about math? 
 
Jin: You mean, for here or China? 
 
M: Let’s do both. 
 
J: In China, I think math is hard. 
 
M: And how about here? 
 
J: It’s easy. 
 
M: How do you compare the two? 
 
J: Well, here, I studied Math 251, 252, that’s all I studied in my middle school. 
 
M: Wow, so why are you in this class? 
 
J: This class? Pretty easy. 
 
M: Ummm, do you know why you’re in this class? Like did you place in it, or did you 
just want to take it? 
 
J: Because the first time, Pathway, I studied Math 111, and I didn’t know that I have 
the homework on internet, so I didn’t do that, and I just got a C. And I want to try for a 
better GPA, so I’m taking this class. 
 
M: That’s good. So, do you like or dislike math? 
 
J: To be honest, I don’t like math, but I have to study. 
 
M: Why do you not like math? 
 
J: I don’t like calculator. 
 
M: What if you do math without using calculators? 
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J: Ummm, yes.  
 
M: Why is that? 
 
J: If I don’t use a calculator, I think math is interesting. 
 
M: What do you find interesting? 
 
J: I like draw, and I can draw some pictures. And how do you say that? [forms a shape 
of a triangle with his fingers]. 
 
M: Triangle. 
 
J: Yeah, and this [forms the shape of a square with his fingers]. 
 
M: Square.  
 
J: Yeah, square. 
 
M: What do you like about math? 
 
J: I like, I don’t know how to say that in English, but I… do you have a paper? 
 
M: Yeah, you can use this. [hand him a piece of paper]. 
 
J: [draws an equilateral triangle]. I like this. 
 
M: So you like equilateral triangles? 
 
J: Yeah.  
 
M: OK, cool. So if you do get frustrated, what do you do? 
 
J: Frustrated means what? 
 
M: Like if you don’t know how to do a problem, if you get stuck, what do you do? 
 
J: Drop. 
 
M: Do you ever try to go back and try to solve it? 
 
J: Ummm, if I’m doing my homework then I’ll do the next one. And when I finish it 
all then I will retake the question. I don’t like to waste a lot of time. 
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M: OK, what is your favorite subject in school? 
 
J: Now? 
 
M: Yes. 
 
J: Sports. 
 
M: Nice, what sports do you like? 
 
J: Yoga. 
 
M: OK, and what is your second and third most favorite class? 
 
J: I think it’s economics because that is Chinese teacher, so makes me feel good so I 
study that very hard.  
 
M: So, sports, economics, and your third?  
 
J: I think movies.  
 
M: What’s your favorite? 
 
J: I like action movies, and in that class, we can talk about movies, so I can know lots 
of movies from my classmates and that I can watch that. 
 
M: So, where does math rank? 
 
J: Math is that I don’t want to study, but I have to study. 
 
M: OK, so in your opinion, what can math teachers do to help you be successful? 
 
J: Translate questions. 
 
M: OK, so given that most math teachers here will have difficulty translatting to 
Chinese, what else do you think they can do? 
 
J: Do more practice. 
 
M: All right, in your opinion, what can you do as a student to be more successful? 
 
J: I think do more practice. 
 
M: OK, what is one thing easy for you to do in math?   200 
 
J: Draw pictures. 
 
M: And what is one thing hard for you? 
 
J: Calculate. 
 
M: What kind of math do you like to do? 
 
J: Pictures. 
 
M: What are some qualities a student who excels in math needs to be able to do? 
 
J: Excels? 
 
M: Like succeeds. 
 
J: OK. More practice. Trying it everyday we have to do a lot of practice. Sometimes 
we think it’s hard and we don’t like that, but when I came here, when I see the 
equations, I remember all that I studied in China so the question will be very easy. 
 
M: OK, do you see people using math outside of school? 
 
J: Yes, like shopping. Pay for food.  
 
M: Can you think of jobs that use math? 
 
J: Scientists. 
 
M: Yeah, absolutely. So, after you graduate, what type of job would you like to do?  
 
J: I think I will be an office worker. 
 
M: And would you like to return to China. 
 
J: Yes. 
 
M: As an office worker, can you see math involved in that job?  
 
J: Yes, always. 
 
M: OK, how so? 
 
J: The content of the job.   201 
 
M: And, when you do your homework, do you typically work individually, by 
yourself, or with other students? 
 
J: By myself. 
 
M: Do you like working by yourself or in groups better? 
 
J: By myself. But in China I will do it in a group. 
 
M: Interesting. So, in America, why do you like working by yourself better? 
 
J: Well, language is one problem, and another is I know how to do the equation. If I 
don’t know how to do the equation, then I will do it in a group, where I can ask other 
students. 
 
M: So, in China, you said you like working groups better? Why is that? 
 
J: Because that is very hard.  
 
M: OK. And how do you think it helps you working in groups? 
 
J: They can tell me the very important key for the equations and then I can do that by 
myself. 
 
M: K, got it. Do you feel that group work helps you to learn better? 
 
J: Um, hum. Yes. 
 
M: And why do you think that? 
 
J: I can solve equations that I can’t do that by myself. 
 
M: OK, and do you think building good relationships with your classmates is helpful? 
 
J: Sure, if my classmates don’t know how to solve equations I can help them, and that 
means I can do more practice, and that can make me remember the equations better. 
And when the test or the exam I can do better. 
 
M: All right, awesome. That’s all the questions I have. Do you have anything else you 
would like to add? 
 
J: No. That’s all. 
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M: Cool, thank you! 
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Pre-Interview  
Name: Juanita 
Major: Apparel Design 
Year: Senior 
Age: 22 
Ethnicity: Hispanic 
 
Michael: How do you feel about math? 
 
Juanita: I hate it.  
 
M: Hate it? 
 
J: Yeah. [laughs].   
 
M: Why do you hate math? 
 
J: I’m just not a numbers and science person. I have more of a creative mind, so the 
fact that something has set rules to it doesn’t really work for me. 
 
M: OK, so when you do get frustrated, what do you do? 
 
J: Usually ask my dad how to do it. Kind of try a different way to teach myself how to 
do it. And definitely look up options how to do it, I guess.  
 
M: So are there any things you like about math? 
 
J: Ummm, not really. I hate numbers. I literally just hate numbers.  
 
M: K, what is your favorite subject in school? 
 
J: I would say anything that is hands-on, so I like apparel construction classes, 
drawing classes. I’m definitely a hands-on learner.  
 
M: OK, and what is your second and third most favorite class? 
 
J: I really like my art classes, those are fun. And I really like difference and power and 
discrimination classes, anything like that that kind of deals with social issues.  
 
M: All right, so in your opinion, what can math teachers do to help you be successful? 
 
J: Just a lot of like having me do it, and showing me examples, and definitely offering 
a lot of help. That’s definitely like my whole thing, I need to do it multiple times to be   204 
able to understand it. And show me different ways to do it because maybe just their 
way may not totally catch on with me.  
 
M: So, the importance of repetition and practice. 
 
J: Yes.  
 
M: All right, in your opinion, what can you do as a student to be more successful? 
 
J: Definitely ask for help when I’m like struggling or I’m just confused on something. 
That’s really my main thing like don’t fall behind because then you’re kind of screwed 
for the rest of it. 
 
M: OK, when we do math are there any types of math you like doing? 
 
J: I really like word problems, they are a lot more fun then just like tell me some 
numbers, OK, I gotta think through the scenario. I gotta go through it all. 
 
M: That’s interesting how it relates to your major, like you said how you like being 
more creative. That’s good that you like word problems, because a lot of my students 
shy away from them. 
 
J: Yeah. [laugh]. 
 
M: That’s good. What are some qualities a student who excels in math needs to be 
able to do? 
 
J: I think they just need to be really focused and pay attention to the little things. And 
also be willing to put the effort and time into it because sometimes I’m like this is 
gonna take forever I don’t even wanna do it. And I just think that’s why I struggle at it 
because I hate putting that much time into it. Especially something that is super, super, 
super challenging. So just be really motivated and focused. 
 
M: So outside of the school day, do you see people using math?  
 
J: Yeah, in everything.  
 
M: Can you give any particular examples? 
 
J: Managing money. I think with my major I really have to use a lot of math to be like, 
OK, I need this much of fabric to make this much to be this tall, so I need to do a lot 
with that. Just literally everything, there’s so much that goes into it, you know, like 
OK, I have to be here at this time, I have to drive this far, so I’m like doing that.  
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M: So, after you graduate, what type of job would you like to do?  
 
J: Ummm, I want to be a designer, I want to be the person in like the beginning stages, 
the idea stages, of products, not like physically making it, but I want to be the one that 
goes and talks to people and gets to know them, and see what they like, what they 
don’t like, what they want. 
 
M: So the one with the ideas? 
 
J: Yup. [laughs]. 
 
M: Can you see math involved in that job?  
 
J: Yeah, because like I said, like you have to sit there and be like I need this much 
fabric for this and I need to be able to work in this sort of way and cover here, and 
leave some there. 
 
M: OK, so when you do your math homework, do you work individually or with other 
students in groups?   
 
J: Individually. 
 
M: Do you like working individually or in groups better?  
 
J: I think it depends on what I’m doing because there are some things I’m like I just 
need to focus on my own, but if there’s like today, it was nice because we were all 
kind of confused of what’s going on, so it was nice being able to talk to somebody else 
and be like, OK, what do you think it is? And how do you do this? So, if I’m confused 
then it’s nice to work in groups. 
 
M: So, how do you think group work helps you learn better?  
 
J: Because you can bounce ideas off each other, like maybe I may not know how to do 
it, but somebody else will and they’ll show me, and vice versa. 
 
M: All right, last question. So in life we tend to build relationships with others. Do 
you think building good relationships with classmates is beneficial?  
 
J: Yeah, because then you’re not like afraid of asking. You’ll be like, oh, talk to them 
but if you don’t really know them it might be awkward, and also you won’t as willing 
to say anything in front of anyone. So, definitely knowing, I’m a firm believer in small 
classes because I feel like you start to get to know the people, and work better with 
them, and you’re not afraid and awkward around them. 
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M: OK, so you talked a little bit about getting to know people better? How do you 
think helps you do math? 
 
J: Because it’s then like you’re willing to be like, hey, do you wanna work on this 
outside of class? Do you wanna try and do this, try and to that. It just makes it that 
much easier to have that help if you needed it.  
 
M: All right. Great. Is there anything else you would like to add? 
 
J: Ummm, no. 
 
M: Well, thanks for your time today. 
 
J: No problem. 
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Pre-Interview  
Name: Rahul 
Major: Electrical Engineering 
Year: Sophomore 
Age: 27 
Ethnicity: Saudi Arabian (International) 
 
Michael: First off, how do you feel about math? 
 
Rahul: I think it’s fun. It’s good. I like the class.   
 
M: Cool, and what do you like about math?  
 
R: How to solve the problems is fun. It’s good.  
 
M: What do you like about solving problems? 
 
R: I like analyzing the problem – how to analyze, how to find the correct answer. Even 
if it’s the wrong answer, the way to solve the problem is interesting.  
 
M: Is there anything that frustrates you or something you don’t like about math? 
 
R: No, actually. Now this is the first class, it’s hard for me being one year, to learn and 
understand English. Some of the vocab is hard to understand. When I get home, I look 
up words I don’t understand. I think this is the only problem I feel.  
 
M: OK, what is your favorite subject? 
 
R: Actually, I like electric. Everything about electric, how to find out how we get the 
electricity.  
 
M: In your opinion, what can math teachers do to help you be more successful in 
class? 
 
R: Actually, the teacher up til now he has excellent, perfect way because he tries to 
make groups – everybody get a chance to solve and work, everything like this. You 
have to know your math in the class. It’s a fun class.  
 
M: What do you think you can do as a student to be successful? 
 
R: Study. 
 
M: What is one thing easy for you to do in math class? 
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R: I think if I study one-by-one or when I finish the class, review the class after 
finishing. I think this is the best way to make it easy.  
 
M: OK, when we do math, what type of math do you like to do? For example, word 
problems, group work, graphing? 
 
R: Group work, I think, is good.  
 
M: And what do you like about group work? 
 
R: Grabbing some ideas from your friends. And if you miss something, you will find it 
with your friends. Or even your friends, if they miss something and you know it, then 
you can teach them how. Give them the ideas.  
 
M: OK, let’s say your friend does not understand and you teach him how. Does that 
help you? 
 
R: Yeah, actually it will help both. Me and him. Me to review what I took in the class, 
for him, to learn and understand what he missed.   
 
M: When you teach somebody, how does that help you? 
 
R: To review and remember what I took. And keep it stick in my mind.  
 
M: Yeah, so outside of school, do you see people using math? 
 
R: What do you mean by using math? Studying or in our life? 
 
M: In our life. 
 
R: Actually, it’s the basic of math that is used in our life. But, like equations, complex 
things, I think they use it in like construction buildings or engineering, they use it 
mostly. 
 
M: OK, after you graduate, what type of job would you like to do? 
 
R: Anything related to electricity.  
 
M: Can you see math involved in that job? 
 
R: Yeah, for me I think. 
 
M: How so? 
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R: Most of my work needs a lot of math, like equations.  
 
M: When doing your math homework, do you typically work individually or in 
groups? 
 
R: Actually, first, I work individually to try to understand something. After that, my 
friends and I meet each other and discuss what we found and the answers.  
 
M: And do you like working better by yourself or in groups? 
 
R: Actually, I think both have positives. First you have to study by yourself and 
understand what you learned. Then after that, if you don’t understand you have to ask 
your friends.  
 
M: So do you feel that group work helps you? 
 
R: Yeah, sure. 
 
M: How does group work help you? 
 
R: Because sure I understand something or miscommunication between me and the 
teacher. Sometimes, you didn’t hear or didn’t understand what the teacher said. And 
then you can discuss with your friends what you did understand.  
 
M: OK, so you said first, you work individually, and then you work with your friends. 
 
R: Yeah. 
 
M: How do you think working with your friends helps you? 
 
R: Yeah, if I study by myself and have something I don’t understand, I might put a 
mark. And after that, when we make a group with my friends, we discuss what we 
didn’t understand in the class. And this will help me.  
 
M: All right, do you think building good relationships with your classmates is 
beneficial? 
 
R: Yeah, sure, yeah. You can make new friends or something if you work in groups. It 
will help.  
 
M: All right, cool. Is there anything else you would like to comment on? 
 
R: No, thank you. I enjoy it. Fun class. 
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M: All right, thanks.  
 
R: Thank you. 
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Pre-Interview  
Name: Sara 
Major: Physical Therapy 
Year: Freshman 
Age: 19 
Ethnicity: White  
 
Michael: OK, how do you feel about math? 
 
Sara: Well, I like math because it’s like something just about everybody can 
understand, you don’t have to speak a different language to get it, but at the same time 
it’s the most difficult subject.  
 
M: Yes, you’re right. Math is the universal language.  
 
S: Yeah.  
 
M: So, what do you like about math? 
 
S: I just like that you always have a way to figure something out, there has to be a 
solution, and there has to be a way to do it. 
 
M: Yeah, I like that, too. It’s black and white. And is there anything you dislike about 
math? 
 
S: I dislike sometimes how complicated it can get. I’d just rather have one simple 
formula for everything, instead of tons of multiple steps for one problem. 
 
M: So when math does get complicated, what do you tend to do? 
 
S: I tend to look in the book or go online or ask somebody for help to walk me through 
it. 
 
M: What is your favorite subject in school? 
 
S: Probably science, like Anatomy. 
 
M: And then what’s your second and third? 
 
S: Probably English and then math. 
 
M: And why do you like science the most? 
 
S: I’m just fascinated by science and how the human body works.   212 
 
M: All right. So in your opinion, what can math teachers do to help you be more 
successful in math? 
 
S: I don’t know, like give more examples. I find that a lot of the teachers in the past 
have just given one example and let you try to figure it out on your own. But, I’d 
rather have multiple examples and explain why I have to use that for a reason, not just, 
here’s a formula, here’s how you do it, good luck. 
 
M: Yeah, OK. And what do you think you can do as a student to be more successful? 
 
S: Ask for help when you need it. I think that’s the biggest thing instead of trying to 
figure it out on your own all the time. 
 
M: All right, and what would you say is one thing easy for you to do in math? 
 
S: Probably solving simple formulas. 
 
M: OK, and what is one thing hard? 
 
S: Like problems that have multiple steps with multiple formulas. 
 
M: Why do you find that hard? 
 
S: There’s a lot of back and forth and having to memorize multiple steps and trying to 
figure out whether I use this one or that one. 
 
M: OK, when we do math, what kind of math problems do you like to do? Any 
example problems? 
 
S: Probably like what we’re doing now, just simple functions, easy to solve for. I like 
to graph. 
 
M: And what would you say are some qualities a student needs to excel in math? 
 
S: Ummm, ask for help and be able to look at the problem and not like get frustrated 
and give up, but look for different ways to solve it and look for different answers. 
 
M: So outside of school, do you see people using math? 
 
S: Yeah, at the doctor’s office and whenever you pass like construction you sometimes 
here guys trying to figure out problems. 
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M: K, so you talked a little bit about types of jobs, can you think of any specific jobs 
people use math in? 
 
S: Engineering, definitely civil engineering. 
 
M: All right, so after you graduate what type of job would you like to do? 
 
S: I’d like to be a physical therapist. 
 
M: For a sports team, or…  
 
S: I really want to work with veterans. 
 
M: Cool. Can you see math involved in that job? 
 
S: Yeah, I can, I mean a lot of the new technology involves having you to figure out 
how their weight and their height combined is what like type of prosthetic leg to use, 
so I can see there being math involved. 
 
M: OK, so when when you do your homework, do you typically work individually or 
with others? 
 
S: I typically work individually just because I live so far away from campus, but if I 
had the option to work with other people, I would. 
 
M: OK, do you like working better individually or in groups? 
 
S: I guess it’s 50-50. I like working individually just because sometimes when you 
can’t figure something out you don’t want to look stupid in front of other people, but I 
also like working in groups because a lot of times if you don’t know a piece somebody 
else will know a piece. And you can kind of all fit that together to work out a problem.  
 
M: Yeah, so do you feel that group work helps you to learn better? 
 
S: I do. Just sometimes people know how to solve a different way that’s easier for you 
to understand then just what the teacher is giving you.  
 
M: So the benefit of seeing multiple methods. 
 
S: Yeah.  
 
M: All right, so do you think building good relationships with your classmates is 
beneficial? 
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S: Yes, just because, I mean, when you need help it’s always easier to ask somebody 
else when you can’t always get a hold of your teacher.  And you might be able to text 
a classmate and ask, hey, can you help me with this problem really quick or do you 
want to meet up and study instead of always just having to rely on group work in class 
and then figure it out on your own out of class.  
 
M: Yeah, so I think that’s all the questions. Is there anything else you would like to 
comment on? 
 
S: No. Thank you. 
 
M: Thanks.  
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Post-Interview  
Name: Adam 
Major: Fisheries and Wildlife Biology 
Year: Junior 
Age: 26 
Ethnicity: Caucasian 
 
Michael: First off, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Adam: I’d say probably overall the lecture. I think that’s where you are actually 
learning the material. And then you’re just reinforcing it and finding better strategies 
through the collaborative learning.  
 
M: OK, and which teaching strategy do you like more?  
 
A: I think it’s pretty equal. The collaborative is iffy – it really depends on your group. 
If you have a great group with people that are willing to work and know what they’re 
doing, it works great! If you don’t, then it can be really destructive. And same thing 
with lecture, if you have a teacher who knows what they’re doing, is animative, is up 
there and teaching well it can be great! But if you have a teacher that stands there and 
faces the board, and doesn’t look at you once and just drones on and on it can be 
horrible.   
 
M: Yeah, so I guess a big factor is it just depends. 
 
A: Yeah, it just depends on the situation.  
 
M: So let’s say hypothetically, all things equal, good teacher, good groupmates. 
Which strategy would you like better?  
 
A: You know, I gotta say I think the best is kind of the way we’re doing it, where it 
really is a mixture of both. Because we can sit through the morning and learn all the 
material and you’re still involved. You can voice up your opinion. But then you 
reinforce the ideas with the collaborative group work.  
 
M: Right. So, when doing homework, do you typically work individually or in 
groups?   
 
A: Individually.  
 
M: K, so compared to the start of the project, do you now feel more comfortable 
discussing math?  
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A: Absolutely. I feel pretty confident in this class. I think it helps that this is my only 
class over the summer. So I was able to spend seven, eight hours a week outside of 
class, at least an hour a day usually more than that. Going over my homework and 
going over my notes, preparing for tests, which during the term you just don’t have 
that kind of time. And on top of that, three days a week, straight right in a row, two 
hours of math. The ideas are just going to fit in your head.  
 
M: Great! I’m glad to hear you feel a lot more comfortable. So, continuing on with the 
comfortability factor, do you feel more comfortable studying in groups now?  
 
A: I mean, I don’t really think more comfortable. I’ve never had an issue talking with 
strangers, but I’ve also never strived to find the group study atmosphere. When 
studying for tests, most of the time I prefer to do it alone. I think it kind of helps to 
have the group as a backup or as a once a week type thing you meet with the group. 
But not really studying, I wouldn’t think.    
 
M: All right, do you feel you were you able to build good relationships with 
classmates?  
 
A: Yeah, absolutely. [Angela] sits right next to me. I met her kid last week, know her 
life story, she’s a really nice girl and we get along well and have a good working 
relationship. You know, we’re both into it, more faster working, so we get it done. A 
couple of the other students in the class had an issue with the test last week and asked 
me about it. One of them even came up to me after class asking for extra help. Yeah, 
it’s good to have that freedom where someone feels free to walk up to you and say, 
hey, I’m having an issue here, can you help me out. It works, it’s great. 
 
M: Do you think you’ll study with your classmates in the future? 
 
A: Yeah, sure. That’s one of the things I like about this university. It’s big, but you see 
familiar faces a lot. A lot of people do the same kind of trend, it’s nice after a term or 
two apart, you see a familiar face and say, hey, how are you doing? You can talk to 
them, and then end up working together – it’s really nice.  
 
M: All right, so there’s a term called social capital, which is basically the benefits of 
network trusting relationships. Do you feel your social capital has increased through 
this math class?  
 
A: Yeah, absolutely. I’ve been able to meet new people, build my social network. And 
establish working relationships with others.  
 
M: Do you feel like you’ve learned more math vocabulary?  
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A: I wouldn’t think too many. In one of my journal entries, I know I wrote about I 
never heard of asymptotes and thresholds before, but other than that, pretty much most 
of it I at least heard the terminology before and worked with it a little bit.  
 
M: So, remind me again, what is your major?  
 
A: Fishery and wildlife. 
 
M: Do you see a connection between your major and math?  
 
A: Yeah, absolutely. I have to take Population Dynamics and I can’t take it until I 
finish I think [Math] 241. Just because it’s statistics heavy. Just like the example we 
worked with on invasive plant species, I know I’m going to be doing a lot of work in 
the future on invasive animal species, and it’s very similar things. How are they 
spreading? Why are they spreading? Formulas and making it happen and what do we 
do about it? Is it cost effective? Is it beneficial? What are these invasive species doing 
to us? You know, obviously, you use math in a lot of that.  
 
M: All right, so how about just pure College Algebra. Do you see how someone in 
your field using College Algebra?  
 
A: The way math was explained to me quite a long time ago was it’s not knowing the 
actual formulas, it’s knowing how to find that missing variable. So maybe it’s not 
exactly doing, you know, 5x = 25, it’s you know, in the field when you’re looking 
something, you have a missing piece, and how do you go about finding that missing 
piece. Instead of numbers, if they are actually concrete things, how do you rearrange 
them to find that missing variable? And that’s why I think math is important, it’s just a 
way of thinking. 
 
M: So, Dr. [Sanders] teaches a lot on how math relates to real-world application. Did 
you learn more about applications of math during the lectures or workshops? 
 
A: Well, I would say a little bit of both. Like today, I really didn’t know why we 
would take the exponential functions, like how that would play into a real-world 
situation. And then we used them in the workshops, and it really kind of was like, all 
right, that really does make sense. That worked really well, but a lot of times he’s 
pretty good at doing a hypothetical example with just numbers, and then talking us 
through an example and that works. I think maybe today was just the odd difference. 
So I guess lecture most of the time, but today it was the opposite.  
 
M: All right, so reflecting back on the term, what do you feel were the most helpful 
qualities of the instructor with regard to you learning math?  
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A: I think he had a lot. I really enjoyed his teaching methods. I think he was really 
open, it wasn’t like a set schedule, like today we’re doing this, tomorrow we’re doing 
this, the next day we’re doing this. It was if day one, he felt that we really didn’t get it 
as far as he wanted to or if the concepts were like today, a little bit more abstract. And 
he didn’t feel like we got a good base yesterday, so we went back and reviewed a little 
bit more. I think that’s great not being as worried about the calendar as much as let’s 
get these concepts down. He was very open to if you have issues, contact me, if you 
need me, here are my office hours. But if you can’t make the office hour, we’ll find 
another time. And I think the key is the testing, I think too many teachers are 
concerned with the tests, like the bottom line, I just want to say, like to use a business 
example, the bottom line is it’s all about the numbers. But, with him it’s really not, it’s 
like here’s your first chance at taking the test, but you were really nervous about the 
first test, so I’m going to give you another chance at taking the test. And even still, 
there’s all this extra help online and each test has two sample tests online, and are 
really similar to the tests. Different numbers, different problems of course, but 
question one is going to be a question about this. Question number two is going to be a 
question about this. It really lets you prepare better. He tells you, this is what you need 
to study, study this. Whereas, I would say most classes you have all of these things to 
study and I’m going to pick five of them to test you on, but I don’t know what five. I 
think it allowed me to succeed in this class.  
 
M: OK, so being flexible as far as the class schedule, being available and willing to 
help, and also being… 
 
A: Being open with testing procedures I would say.  
 
M: All right, so thinking back on the term, what do you feel is the most useful type of 
function or equation when it comes to real world application?  
 
A: Hmmm, well, I’m going to be working a lot with species, I’m really want to do a 
lot of work with marine species in particular. So I think the exponential functions 
we’re using now, I’ve already seen them in ecology and biology before, more the 
graphical side of them. For example, like when a new species comes into the area, 
they tend to have an exponential growth, which is very similar to the exponential 
models we’re working with. But, then they tend to level out over time when they reach 
the carrying capacity. I think that’s going to really come into play a lot. You know, 
hopefully, it will be the building part of it, but also the decline as well. So, the decay I 
guess it is. 
 
M: Yeah. All right, so with the instructor using a lot of the real-world examples, did 
that help you understand math better? 
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A: Yeah, absolutely, especially today like we just talked about, I didn’t really 
understand the concepts behind them as much. But when we went through the 
workshops and got down into it, it made sense that this is why we would you it. 
 
M: All right. So this research projects entails a whole bunch of different activities – 
working with your classmates, working individually, completing your reflective 
journals, interviews and surveys, what do you feel you gained from participating in the 
project? 
 
A: I think it opened my eyes to the whole social aspect of it. You know, realizing that 
working in a group in class could potentially stem to working in a group outside of 
class that could extend to not only friendships, but working in groups in other classes. 
Especially if you have overlaps in majors and classes and stuff like that, you end up 
seeing each other more often than not. And it’s always nice walking down the street 
and seeing a familiar face and saying, hey, how you doing? And that like, it happened 
to me today, I saw another girl in class who was walking not even on my way to class, 
but to get coffee this morning, and saw one of the girls in class, I don’t know her 
name, just kind of we were familiar gave her a little wave and was like, hey, how are 
you? You know, it’s always nice knowing that you’re not the only one out there, I 
don’t know if those are the right words, but… 
 
M: Like you’re all on the same team.  
 
A: Yeah, you’re all on the same team working toward the same goal.   
 
M: All right, so what lasting comments do you have on the overall project? 
 
A: You know, good luck, what are you going for, Ph.D.? 
 
M: Yeah. 
 
A: That’s awesome. I think it was successful as far as I’m concerned. It definitely 
helped me open my eyes. And this class experience as a whole has been, you know, 
I’m real happy with it. Has been real awesome. Yeah, and I hope you become Dr. 
Michael. [laughs]. 
 
M: [laughs]. All right, thank you, [Adam]. 
 
A: Thank you very much.  
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Post-Interview  
Name: Angela  
Major: Mechanical Engineering 
Year: Junior 
Age: 29 
Ethnicity: Hispanic 
 
Michael: Which teaching strategy, lecture or collaborative, do you feel you learned 
more from?  
 
Angela: Collaborative because you can work together and learn more. 
 
M: Can you expound a little bit more on that? 
 
A: Well, with the collaborative you can take information from the lecture and put it 
into real-life situations. And I think you learn more from real-life than just listening to 
lectures.  
 
M: Yeah, absolutely. So, which teaching strategy do you like more?  
 
A: Collaborative. Like I said you can learn more and you get more interaction with 
real-life. You’re not just sitting there and trying to absorb what people are saying. You 
take that and then you learn on it. 
 
M: All right, so you like it more because you can relate it to real-world examples. 
 
A: Yes. 
 
M: When doing homework, do you work by yourself or with others?   
 
A: Myself.  
 
M: So, compared to the start of this math course, do you now feel more comfortable 
discussing math?  
 
A: It seems the same. I really had no problem before. 
 
M: OK, so it remains at a highly comfortable level. 
 
A: Yeah. 
 
M: All right, do you feel more comfortable forming and studying in groups now? 
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A: Yeah. I think it’s a lot easier when you know somebody or your instructor knows 
somebody. Working in groups definitely helps you learn a lot more.  
 
M: Yeah, just building those solid relationships. 
 
A: Yes.  
 
M: So, were you able to build good relationships with classmates?  
 
A: Yeah, I learned that it’s OK to ask questions and to help others. It doesn’t matter 
because everybody’s got different learning skills. 
 
M: Through teaching others, do you feel like you were able to learn more? 
 
A: Yes, absolutely, because I am confident in my ability to not only do it but also 
explain it. 
 
M: Great, so how do you think working with classmates has helped you? 
 
A: It seems like I’m able to take what I learn in lecture and then to expand on that to 
learn more on what’s going on. 
 
M: Do you think you’ll study with your classmates in the future? 
 
A: Yeah, once we’ve established a working relationship it’ll be easier to continue it. 
 
M: All right, so there’s a term, social capital, which basically means the benefits of 
network trusting relationships. Do you think students can increase social capital by 
working with classmates?  
 
A: I believe so because if you can learn to work with people you don’t know you can 
take that information to the next class and build off that. 
 
M: Do you feel like your social capital has increased through this math class?  
 
A: Yeah. 
 
M: Can you explain in what ways you think it has increased? 
 
A: Like when I was going to school in Eugene, there were the same ten people going 
through and now I’m changing classrooms and everyone’s different so it’s easier for 
me to learn to like partner up with somebody I don’t know to work together.  
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M: Yeah, so from this College Algebra course, do you feel like you’ve learned new 
math vocabulary?  
 
A: Oh yeah. 
 
M: Do you feel like you’re using more math terms?  
 
A: I don’t think I’m using more math terms but I’ve never learned a lot.  
 
M: All right, so what’s the first new math term you’ve learned that comes to your 
mind? 
 
A: Functions. 
 
M: So remind me again, what is your major?  
 
A: Engineering. 
 
M: Do you see a connection between Engineering and math class?  
 
A: Yeah. 
 
M: How do you see somebody in Engineering using the math that we’ve learned? 
 
A: It’s going to be constant, you know functions, being able to watch, you know, just 
graphing things and looking at how the rate of change of anything works, or just like 
the material and composition and all that. It’s all definitely tied into math. 
 
M: Yeah, I agree. So earlier we talked a little about your instructor teaching using real-
world examples, which I’ll refer to as application problems. Did you learn more about 
application problems during the lectures or workshops?  
 
A: During the workshops. 
 
M: Can you explain why? 
 
A: You can listen to the lecture but you don’t really apply it and I think if you really 
want to learn it you need to be able to apply it, see it on paper.  
 
M: And you feel like you’ve had more opportunities to apply it working with 
classmates? 
 
A: Yes. 
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M: All right, so reflecting back on the term, what do you feel were the most helpful 
qualities of your instructor?  
 
A: Teaching us real-world stuff. He’s not just telling us to open the book, lecturing on 
a few examples and sending us off to the room. He’s using math as real-world and 
why are we using it, how are we using it. 
 
M: So how do you see those real-world examples helping yourself? 
 
A: I can understand now that math isn’t just something you’re forced into, but rather 
you actually need to be able to use it and how to use what you are learning, and why I 
would use it that why.  
 
M: So, thinking back on the term, what do you feel is the most useful type of equation 
when it comes to real world application?  
 
A: I really think it goes back to the functions, you’ve got the quadratic functions and 
all that and everything seems to tie back to the functions one way or the other.  
 
M: Yeah, all right. So did the instructor’s teaching of the applications, the real-world 
examples, help you understand math better? 
 
A: Yes, it helped me to learn and see why I’m using it, how I can use it and what the 
outcome is going to be and why would you need that outcome.  
 
M: So, what do you feel you gained from participating in this research project? 
 
A: I learned that everybody’s got a different way of learning and that my input can 
help somebody else with their teaching beliefs.   
 
M: So, you’ve completed journal reflections, worked with your classmates. From 
those specific activities, what do you feel you gained personally? 
 
A: Just the idea that my opinion actually means something and that way I learn is 
different from others and that’s OK.  
 
M: So from the overall project, what lasting comments do you have? 
 
A: I just think that it’s a really good idea that you guys are doing this and that you can 
see that not everybody learns one way, that there’s a whole good amount of ways to 
learn.  
 
M: Yeah, I think that no two learners are the same. 
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A: Yeah, yeah. 
 
M: Well, that’s it. Thank you for your time. 
 
A: You’re welcome.  
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Post-Interview  
Name: Cassie 
Major: Merchandising Management 
Year: Senior in the Fall 
Age: 21 
Ethnicity: White (Italian/Irish) 
 
Michael: OK, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Cassie: Collaborative.  
 
M: Could you explain why? 
 
C: It’s more one-on-one. You get to ask more questions versus the whole class. 
 
M: So you were able to feel a bit more comfortable? 
 
C: Yes. 
 
M: Which teaching strategy do you like more?  
 
C: Collaborative because I learned more and got more feedback from it. 
 
M: While working in groups, through teaching others, do you feel like you were able 
to learn more? 
 
C: Most of the times, my classmates would teach me. But, when I gave ideas and 
questions that helped me understand it more. 
 
M: So, when doing homework, do you typically work individually or with others?   
 
C: By myself. 
 
M: Compared to the start of the term, do you now feel more comfortable doing math?   
 
C: No, still bad.  
 
M: OK, do you feel you made any growth? 
 
C: Maybe a little bit of growth, but I wouldn’t say a lot. Still pretty bad at math. 
 
M: Do you feel more comfortable forming and studying in groups?  
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C: Yes, I’ve learned more outside my comfort zone. 
 
M: Were you able to build good working relationships with classmates?  
 
C: Yes, we were able to discuss math and do our work. 
 
M: Do you feel that relationship has benefitted you? 
 
C: Yes, I’ve been able to understand the workshop questions in class.  
 
M: So, in the future, if you’re in the same classes with your current classmates, do you 
think you’ll study together?  
 
C: Yes, in class I would definitely study with them again. 
 
M: So, there’s a term, social capital, which basically means the benefits of network 
trusting relationships. Do you think students can increase their social capital by 
working with classmates? 
 
C: Yes. 
 
M: How do you think they can do it? 
 
C: Well, they can learn more by working with others by getting different opinions and 
ideas on how to solve problems.  
 
M: And, do you feel like your social capital increased through this math class?  
 
C: Yes, because I would never, ever do math with anyone else because I was so bad at 
it. 
 
M: Do you feel like you’ve learned new math vocabulary?  
 
C: Yes, I guess I learned more math and just really still bad at it. 
 
M: So, what is the first new math term you’ve learned that comes to your mind? 
 
C: Polynomial. 
 
M: Do you feel like you’re using more math terms?  
 
C: No, not outside of class. 
 
M: How about in class?   227 
 
C: Sometimes.  
 
M: OK, remind me again, what’s your major?  
 
C: Merchandising Management. 
 
M: Do you see a connection between your major and math? 
 
C: Some math, but not this math, no. 
 
M: What types of math do you see a connection with? 
 
C: Ummm, percentages and markups and that kind of stuff.  
 
M: So, did you learn more about applications of math such as real-world problems 
during the lectures or workshops?  
 
C: The lectures because he would like refer it to pharmacy or engineering or other 
stuff. 
 
M: Reflecting back on the term, what do you feel were the most helpful qualities of 
the instructor?  
 
C: He’s willing to help you. He’s very nice. The way he just does his lectures makes 
you pay attention versus being just very monotone.  
 
M: Could you expound a little bit more on when he lectures it makes you pay 
attention? 
 
C: He’s very excited about it, I guess, versus a teacher who just reads off a slide.  
 
M: OK, so thinking back on the term, what do you feel is the most useful type of 
function or equation when it comes to the real world? 
 
C: Not too sure. Maybe y = mx + b because we’ve done that from the beginning and 
are still doing it. 
 
M: Did the instructor’s mention of the application problems help you understand math 
better? 
 
C: Yeah, I guess it made me like think more about the problem than just the numbers.  
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M: From participating in this project, we’ve done interviews, surveys, group work, 
and reflections. What do you feel you gained from participating in this project? 
 
C: It made me reflect on math. I’ve never thought about math after my 50 minute 
class.  
 
M: What do you feel you gained from writing the journal reflections? 
 
C: I like writing, so it’s just – I like putting my thoughts on paper so I guess I like 
writing them better than saying them. 
 
M: What lasting comments do you have on the overall project? 
 
C: I’m glad Math 111 is done. 
 
M: All right, we’ve got that on tape. 
 
C: [Laughs]. 
 
M: Thanks for your time. 
 
C: Thank you. 
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Post-Interview  
Name: Chelsea 
Major: Merchandising Management 
Year: Junior 
Age: 22 
Ethnicity: Asian (Tibetan)  
 
Michael: OK, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Chelsea: Lecture.    
 
M: Can you explain why? 
 
C: It’s just like the basic teacher teaching student and I learn from just visual so it 
helped me to understand when he used like graphs and charts and shows us actually 
how to do it.  
 
M: OK, do you feel like collaborative helped you to learn math better? 
 
C: A little bit, I mean I got a few answers from my group mates, but most of the time I 
had to check with the teacher anyways.  
 
M: And which strategy did you like more?  
 
C: I guess a little of both, but mostly I liked the lectures because I’m more of an 
independent learner so it helps to go at my own pace and just learn from what he’s 
teaching us.  
 
M: So, when working in groups and teaching your group mates, do you feel like you 
were able to learn more? 
 
C: Yeah, it helps to just go over it and once you explain it yourself you think about it 
more. It helps you to understand it better, too.  
 
M: So, when doing homework, do you work typically work by yourself or with 
others?   
 
C: I still work by myself. 
 
M: Compared to the start of the summer term, do you now feel more comfortable 
doing math?  
 
C: Yes, definitely.   230 
 
M: Can you explain why? 
 
C: Ummm, some of the things we learned in high school but I never really understood 
it and paid much attention. But, college it’s different, you actually have to put yourself 
into learning because you’re actually paying for it [laughs]. So, yeah, I’ve learned a lot 
more and actually understand most of the material.  
 
M: Solid, that’s great you’re studying more and you can see the dividends. So, from 
this class, do you now feel more comfortable studying in groups?  
 
C: I feel the same as I have coming into it. I mean group work, unless it’s like 
necessary and actually, like, everyone’s involved, I don’t think it’s great if one person 
doesn’t do as much work or doesn’t put in as much effort. So I think independent work 
would be better.  
 
M: OK, so through working in groups, were you able to build good working 
relationships with classmates?  
 
C: Yes, I’ve gotten to know a lot of people here and we can share math and everything 
and our interests. And yeah, it’s been good getting to know some people.   
 
M: Good, and in future classes, if you have the same classmates, do you think you’ll 
study with them? 
 
C: Yes. 
 
M: How do you think that will help you? 
 
C: I guess, we learned from this class, but they’re nice people and since we are in the 
same math class we know where everyone’s at relatively and we can learn and work 
from that. 
 
M: OK, so there’s a term, social capital, which basically means the benefits of network 
trusting relationships. Do you think students can increase social capital by working 
with classmates?  
 
C: Yes, working with classmates, like you said, it helps to build relationships. I mean, 
in college you’re mostly, you don’t really know anyone. It’s not like high school 
where you grow up with mostly everyone. Yeah, so group work helps to build 
relationships and to improve your communication skills with people in general. Just 
teamwork, I guess it’s just certain circumstances or certain activities that it actually 
works well.  
   231 
M: Yeah, so from this particular math class, do you feel like your social capital has 
increased?  
 
C: Yes, I mean he makes us do group work, it’s not like you can choose to work with 
alone, so he puts us in that situation where we actually do need to work with others 
and do need to communicate so it has helped me.  
 
M: Great. Do you feel like you’ve learned new math vocabulary?  
 
C: Yes. 
 
M: What is the first new math term that comes to your mind? 
 
C: Just like distributive and there’s another d word, I’m sorry, that I can’t really 
remember… 
 
M: Discriminant? 
 
C: Yes, discriminant, that’s the one. Yeah, these terms and factorization and all that, 
yeah, actually know the terms and know what it is. 
 
M: And when you’re working with your classmates, do you feel like you’re using 
these terms? 
 
C: Sometimes [laughs]. 
 
M: [laughs]. 
 
C: Other times we’re just pointing.  
 
M: OK, so remind me again, what’s your major?  
 
C: My major is Merchandising Management with Business Entrepreneurship.  
 
M: Do you see a connection between your major and math?  
 
C: Yes.  
 
M: How do you see how someone in your field using College Algebra?  
 
C: Yeah, well, I’m dealing with – I want to work in business and marketing aspects so 
business in general you deal with math to some degree and it depends on your work I 
guess. I think just like computer work just everything uses math.  
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M: So, when the instructor teaches he uses a lot of real-world examples, which I’ll 
refer to as application problems. Did you learn more about application problems 
during the lectures or workshops?  
 
C: I guess during lectures because he actually talks over the actual application and he 
goes over the charts and how to apply it to the real-world and the numbers and the 
graphs, so that helps.  
 
M: Reflecting back on the term, what do you feel were the most helpful qualities of 
your instructor?  
 
C: I think the ability to joke around, to just have fun with it. I mean, it puts us at ease. 
It’s not like a very strict, proper class. I mean, he has his moments, but it’s most of the 
time it’s like fun learning atmosphere. 
 
M: So what do think made it fun? 
 
C: His ability to joke around and talk to students about anything. I feel comfortable 
talking to him so that’s a plus.  
 
M: So, thinking back on the term, what do you feel is the most useful type of function 
or equation? 
 
C: I think the slope one because I never really understood how to do it until now.   
 
M: So, did the instructor’s mention of the application problems help you understand 
the math part of it? 
 
C: Yes.  
 
M: How do you think that helped you? 
 
C: Like I said he actually talked about the problems so he gave us like numbers and 
how to plug it in to the graph or the chart or whatever he was focusing on. So it helped 
us to have that in our mind and then to actually have a visual for that.  
 
M: So, from participating in this project we did a lot of activities like interviews, 
surveys, reflections, studying in groups and independently, what do you feel you 
gained from participating? 
 
C: Actually, just to think about the journal entries, it made me actually think about a 
different kind of learning and just like math in general. And yeah, when I write my 
answers I actually think about, oh yeah, this does help with that. I mean, I didn’t if we 
didn’t have like journal entries or this interview it would just be a regular class.    233 
 
M: Like just math. 
 
C: Yeah. This is actually very interesting.  
 
M: Cool, so what lasting comments do you have on the overall project? 
 
C: I enjoyed helping you out and I enjoyed this whole project. I mean, helping out is 
just nice and I hope this helps you. 
 
M: Yeah, you all have been so instrumental in helping me progress toward my Ph.D. 
 
C: Yeah, that’s good. 
 
M: Well, thank you for your time. 
 
C: Yeah, and this has definitely made my math class more interesting.  
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Post-Interview  
Name: Dante 
Major: Agricultural Business 
Year: Sophomore 
Age: 22 
Ethnicity: Hispanic  
 
Michael: Which teaching strategy, lecture or collaborative, do you feel you learned 
more from? Please explain.  
 
Dante: In the outcome, I think the one with the teacher and the student (lecture) rather 
than the collaborative. 
 
M: OK, can you explain why? 
 
D: Yeah, well initially I thought that in this class is different than most classes I think. 
The teacher in this instance was really good and I could really understand what he was 
trying to teach. So, when he taught I listened and most of it made a lot of sense.  
 
M: All right, so which teaching strategy do you like more?  
 
D: I like the collaborative. If the, if you have the right students, I guess, I don’t know, 
I kind of had a hard time bouncing ideas off of everybody. I usually have a pretty good 
time working with other students and learning through that way. 
 
M: OK, so how do you think working with other students has benefitted you? 
 
D: I’ve learned things that I don’t think I really thought I needed to – kind of like a 
different perspective of things. 
 
M: Yeah, so do you feel you learned from other students as well as do you feel you 
were able to teach them? 
 
D: Yeah, in a different way – like people would take things from the teacher that I 
wouldn’t really pay attention to. And obviously it was very important and maybe I’ll 
see it on the test or something. 
 
M: And in situations where you were able to teach others, do you feel like you were 
able to learn more? 
 
D: Oh yeah, kind of like the – I like to think of it as if you write something down and 
you hear it, then you’re more likely to remember it. Same kind of thing, I think it’s 
even better to teach it right after you learn it. So then that way you really understand 
the material.   235 
 
M: Yeah, so when doing homework, do you typically work by yourself or with others?   
 
D: By myself. I find that it’s faster to do it by myself. 
 
M: So, compared to the start of the term, do you now feel more comfortable with 
math?  
 
D: Yeah, I do. I’ve taken this class before at Oregon State, but I didn’t really have a 
good time. I had a lot of residual things back at home that kind of inhibited my 
learning here, but I’m retaking this class, I think I understand this part of math a lot 
better. 
 
M: That’s good. Do you feel more comfortable studying in groups now?  
 
D: Yeah, I always have, I don’t think that’s really changed. 
 
M: OK, so through working with your classmates, were you able to build any good 
relationships? 
 
D: Ummm, not too much. I think it’s just the atmosphere and knowing that it’s not that 
long of a class, I haven’t really connected too well with. I mean, I like them all just 
fine. But, just not really crossing paths too much.  
 
M: So not especially close, but just a good working relationship. 
 
D: Yeah. 
 
M: So, do you think you’ll study with your classmates in the future?  
 
D: Yeah, definitely. 
 
M: And, how will that help you? 
 
D: Well, just having help from a classmate can be a big boost. 
 
M: OK, so there’s a term, social capital, which basically means the benefits of network 
trusting relationships. Do you think students can increase social capital by working 
with classmates? 
 
D: Yeah, I think that’s the only way you can do it. I mean, if you’re just sitting around 
keeping to yourself and don’t really talk to anybody and not willing to interact with 
conversations I don’t think that it’s possible. 
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M: Do you feel like your social capital increased through this math class?  
 
D: Yeah, I’ve learned to deal with different dialects of different people.  
 
M: All right, do you feel like you’ve learned more math vocabulary?  
 
D: Uh, yeah. 
 
M: Do you feel like you’re using more math vocabulary?  
 
D: Yeah, like when the teacher would refer to something, I would usually just not 
understand what they’re referring to and just figure it out later. But, I’m catching on to 
the terminology. 
 
M: K, so what is the first new math term you’ve learned that comes to your mind? 
 
D: Exponential growth probably. [laughs]. 
 
M: [laughs]. That’s a great term. So remind me again, what is your major? 
 
D: Ag business. 
 
M: How do you see ag business connect with math? 
 
D: A lot of things, especially the farm aspect. I don’t know too much about the 
business aspect, but I’m sure there’s a lot to do with there. But with farming, you have 
a lot of variables that you need to understand to have a good yield or the right amount 
of water, you don’t want to spend too much money on certain things. So you want to 
know exactly what you need to do, and that’s where math comes in. You need to have 
formulas to do that kind of stuff.  
 
M: Can you think of any types of formulas you’ll be using in farming? 
 
D: I know I’ll be looking at a lot of graphs probably and all the standard formulas and 
equations I would think. 
 
M: OK, so Dr. [Sanders] teaches math using a lot of real-world examples. Did you 
learn more about real-world examples during the lectures or workshops?  
 
D: Well I think they kind of go hand-in-hand. You learn during the lectures and then 
you just strengthen your ideas of the concept by using examples and story problems 
for what we’re looking at. And I like that a lot because it kind of puts things into 
perspective. 
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M: Yeah, rather than just taking material from the book, you were able to produce 
your own examples. 
 
D: Yeah, it made you think. 
 
M: So, reflecting back on the term, what do you feel were the most helpful qualities of 
the instructor?  
 
D: Ummm, just how nice of a person he is really. He’s very easy to ask a question to, 
any question, nothing stupid. And I appreciate a person I can ask a question to and get 
a straight forward answer.  
 
M: So, thinking back on the term, what do you feel is the most useful type of function 
or equation when it comes to real world application?  
 
D: I don’t know, ummm, really any of the stuff we’ve been doing. To be specific, like 
the exponential functions for sure. It’s kind of hard to find what it’s used for, but when 
you do it, it makes sense. Like I was thinking of the Curiosity landing on Mars and 
how the exponential decline would be a good graph for that. 
 
M: Yeah, definitely. So, do you think the instructor’s mention of real-world examples 
has helped you understand math better? 
 
D: Oh yeah, moreso than just throwing an equation at me and telling me to understand 
it, so yeah. 
 
M: Can you explain how those problems have helped you? 
 
D: Yeah, OK, well just like a linear function. You know, you got your slope and your 
points, and you know, it’s all fine and good, but you need to understand what a slope 
is. For example, if you want to build a pair of stairs, you need to know your slope, 
where you’re starting it and where you want to finish. I mean, just simple kind of 
things like that don’t require too much work, but make a big difference. 
 
M: So, through participating in this research project, what do you feel you have 
gained? 
 
D: I’ve learned that there are two definitive ways of learning, and that’s as a group or 
lecture style.  
 
M: So through completing your journal reflections how do you think that has helped 
you? 
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D: It has helped me because the questions, some are running questions, so that has 
helped me think back to the beginning of the term to all the way up, so I like those 
kinds of questions. And then there’s new questions that kind of went along with the 
progression of the class, and those are good, too, because it makes you really think 
about what you did that week rather than the whole term.  
 
M: From the overall research project, what lasting comments do you have? 
 
D: Well, I really liked participating in the project. I think it has helped me to deepen 
my understanding of math. I think that the teacher you’ve chose to do it with is 
probably the best one because he really does both of the teaching strategies really well. 
 
M: Yeah, I agree. Well, thanks for your time. 
 
D: All right, thank you. 
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Post-Interview  
Name: Jason  
Major: New Media Communications 
Year: Senior 
Age: 25 
Ethnicity: White (Swedish/Slovak/Irish/English) 
 
Michael: First off, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Jason: Probably a little bit more on the collaborative side. When I work in tutoring 
with Dr. [Sanders] it’s more of a one-on-one thing, so it’s not so much the lecture as it 
is working together to understand the topic. So, the collaborative in class from before 
the second midterm helped out.  
 
M: OK, can you explain a little bit more on what you learned from the collaborative 
setting?  
 
J: The collaborative method worked really good for the second midterm because I got 
it more in-depth look on how to do some of the problems and equations a little bit 
differently. So, that kind of opened my eyes on how to the problems in a different 
manner, and it helped me to understand some of it a little bit better.   
 
M: So which teaching strategy do you like more?  
 
J: Collaborative, although I think I slow some people down when I don’t understand a 
question I have to go back and have them explain it to me, but it’s a better method. 
 
M: Through teaching others, do you feel like you were able to learn more? 
 
J: I think so because I can understand it through the teaching perspective. 
 
M: When doing homework, do you work individually or with other students in 
groups?   
 
J: Ummm, I haven’t done any of the homework assignments yet this term. Dr. 
[Sanders] has been gracious enough to extend the deadline for me, so I just, uh -- 
every time I try to ask my girlfriend for help since she’s phenomenal in math. She’s 
been busy so I just kind of put it on the wayside, so I’m going to make it up this 
weekend. One of the guys in my National Guard unit is a math major and he’s staying 
over at my house this weekend so hopefully it works out.  
 
M: Yeah, so one thing nice about the online homework is it has a view an example 
button that can be really helpful.    240 
 
J: Yeah, that’s how I did the first assignment, so… 
 
M: Good. So, compared to the start of the term, do you now feel more comfortable 
doing math?  
 
J: A little bit. I mean, I’ve gotten better at it and the light has been clicking on every 
now and then, like, wow, I remember slightly how to do this from high school.   
 
M: Yeah, so what do you think has helped you feel more comfortable?  
 
J: The tutoring, going to the tutoring twice or sometimes once a week has helped me. 
 
M: Do you feel working in groups has helped you become more confident and 
comfortable doing math? 
 
J: Oh yeah, a little bit, because if somebody knows a little bit more than me then they 
can break it down sometimes a little bit easier than it was explained in the lecture. 
 
M: Do you feel more comfortable now forming and studying in groups?  
 
J: Oh yeah. 
 
M: Through working with your classmates, were you able to build good relationships 
with them?  
 
J: I like to think so, yeah. We all had some strengths and weaknesses in certain areas, 
but we managed to do just fine. 
 
M: Right, in the future, do you think you’ll study more with your classmates? 
 
J: Yes. 
 
M: Do you think that will be beneficial? 
 
J: Oh yeah. Group work is always beneficial for others. I mean, I’ve noticed that 
throughout school that doing study work has always been easier. And group study has 
always made me more successful as well as some other individuals. 
 
M: All right, so there’s a term, social capital, which basically means the benefits of 
network trusting relationships. Do you think students can increase their social capital 
by working with classmates in groups? 
 
J: Absolutely.   241 
 
M: How do you think so? 
 
J: I think so because, you know, you got some people who think and do things 
differently and by having two people that think differently you can possibly reach the 
same solution in a way so you’d be thinking, one person thinks A, one person thinks 
B. You might get them together and the answer will eventually come out to a better 
solution. So I think collaborative can work great. 
 
M: Yeah, so personally, do you feel like your social capital increased through this 
math class?  
 
J: Oh yeah, most definitely. Working in study groups we all can take care of the 
assignments. 
 
M: From this course, do you feel like you’ve learned new math vocabulary?  
 
J: Probably, I’m still going to be a little slow, but I think I’ve gotten better with it. 
 
M: Off the top of your head, what is the first new math term you’ve learned? 
 
J: Exponential functions. 
 
M: All right, remind me again, what is your major?  
 
J: New Media Communications. 
 
M: Do you see a connection between your major and math?  
 
J: Absolutely. In my internship, I’ve had the opportunity to do a lot of math recently 
with percentage increases at certain events from previous years to numbering 
everyone’s matched game stickers at the Oregon Jamboree to how many people have 
visited our booth over the years at the Oregon Jamboree. So, doing all that stuff has 
made me realize that there’s math involved in what I want to do.  
 
M: Did you learn more about applications of math, as far as learning how to apply 
math in the real-world, during the lectures or workshops?  
 
J: It’s hard to say – probably doing the one-on-one tutoring has helped greatly and that 
is where I can excel and be open and kind of self correct myself. So probably in the 
collaborative. 
 
M: OK, reflecting back on the term, what do you feel were the most helpful qualities 
of Dr. [Sanders]?    242 
 
J: His overall teaching methods, his patience with students like me that have difficulty 
understanding, and being at office hours ready and willing to help students who need it 
for tutoring hours. So that was extremely helpful for me and it was one thing, you 
know, of course, I want to go home and watch TV and doing other homework 
assignments, but I just keep telling myself that you gotta go, you gotta do this. He’s 
there to help and, you know, there’s always somebody willing to help, but you have to 
be willing to make sure you get the help. And I did my best to make myself willing 
when I was able to. 
 
M: Thinking back on the term, what do you feel is the most useful type of function or 
equation when it comes to real world application?  
 
J: Uhhh, not quite sure – I have to look through my notebook [peruses notes]. Let’s go 
with quadratic equations and inequalities.  
 
M: K, how do you think quadratic equations have helped you? 
 
J: It’s one of the tougher things that I’ve had to work with, and I just gotta keep 
working at it, and I’ll eventually see it somehow in my internship before it finishes.  
 
M: Through participating in this research project, what do you feel you have gained? 
 
J: I feel that I’ve gained a little bit better insights on understanding math and showing 
through the journals and stuff I was able to put down how I honestly feel about not 
understanding and about it being difficult and how tutoring has helped and stuff like 
that. So, I’ve been able to see, oh, I’ve learned this, this week, as opposed to not 
learning it. And so, the journals and the honesty in the journals has helped me out. 
 
M: All right, so what lasting comments do you have on the overall project? 
 
J: Pretty good. I mean, this wasn’t the first graduate study I’ve participated in, first one 
for math, but I think it was a good project. You probably get to see how many people 
have opinions on math, and mine wasn’t very highly of math but it has gotten a lot 
better since the term has started.  
 
M: That’s great. I’m glad you now think more highly of math. That’s all for the 
interview. Thanks for your time. 
 
J: Thank you. 
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Post-Interview  
Name: Jin 
Major: Biology 
Year: 2
nd year at INTO OSU, Freshman in the Fall 
Age: 20 
Ethnicity: Chinese (International) 
 
Michael: Here we go. Which teaching strategy, lecture or collaborative, do you feel 
you learned more from?  
 
Jin: I think it’s lecture. 
 
M: OK, can you explain why? 
 
J: Because most of my classes use lectures, so I think that is a good way. 
 
M: So you’re more accustomed to lecture. 
 
J: Yes. 
 
M: Which strategy do you like more?  
 
J: I think it’s group work because I can talk with others and sometimes, I cannot 
understand the question well and my partner can help me to understand it. 
 
M: OK, so you like group work more, but learn more from lecture? 
 
J: Yes. 
 
M: Can you explain a little bit more why you feel you learned more from lecture? 
 
J: Because I think the example is important and during the lecture teacher always 
gives us examples. 
 
M: So while working in groups and you have opportunities to teach others, do you feel 
like you were able to learn more? 
 
J: Yes, because when I can teach others I think I can do it very good. Like if I can 
teach my partner question that means I understand how to do this question. 
 
M: When doing homework, do you work by yourself or with others?   
 
J: By myself. 
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M: OK, compared to the start of the term, do you now feel more comfortable doing 
math?  
 
J: Yes, because at least I can talk with American students. 
 
M: Do you feel more comfortable studying in groups?  
 
J: Yeah, because I can have the chance to talk to others and I can teach them how to 
do the question and they can help me understand some words. 
 
M: While working in groups, were you able to build good working relationships with 
classmates?  
 
J: Yes. 
 
M: And how do you think that has helped you? 
 
J: I can ask them questions and we can help each other.  
 
M: If you are in the future classes with the same classmates, do you think you’ll study 
with them?  
 
J: Yes. 
 
M: How will that benefit you? 
 
J: More friends, so we can help each other. 
 
M: So, there’s a term called social capital, which basically means the benefits of 
network trusting relationships. Do you feel students can increase their social capital by 
working with classmates?  
 
J: Yes. 
 
M: Do you feel like your social capital has increased through this math class?  
 
J: Yes, I’ve made friends here and we work well together. 
 
M: Do you feel like you’ve learned more math vocabulary?  
 
J: Yes. 
 
M: What’s the first new math vocabulary that comes to your mind? 
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J: I’d say negative.  
 
M: Do you feel like you’re using more math terms?  
 
J: Yes. 
 
M: Remind me, what’s your major?  
 
J: Science. 
 
M: Do you see a connection between your major and math or other classes?  
 
J: Yes, because math is very important in my major.  
 
M: How do you see how someone using math in your major?  
 
J: Maybe we’ll calculate data. 
 
M: OK, so your instructor regularly taught using real-world examples. Did you learn 
more about real-world examples during the lectures or workshops?  
 
J: Lectures. 
 
M: Reflecting back on the term, what do you feel were your instructor’s the most 
helpful qualities?  
 
J: I liked that the examples he gave us were all very important. 
 
M: Thinking back on the term, what do you feel is the most useful type of function or 
equation? 
 
J: Rational functions. 
 
M: Did the instructor’s mention of the real-world examples help you understand math 
better? 
 
J: Yes. 
 
M: How so? 
 
J: It helped me understand math better.  
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M: Through participating in this project, you did a bunch of activities – interviews, 
reflections, working in groups and independently, what do you feel you gained from 
participating? 
 
J: I think to help my English and let me think about what I learned during this term. 
 
M: What do you feel you gained from writing your journal reflections? 
 
J: I learned that I can have a chance to ask me how did I learn like past week. If I can’t 
remember well that means that I didn’t study well, so I need to review. 
 
M: What lasting comments do you have on the overall project? 
 
J: I don’t have any. 
 
M: OK, thanks for your time. 
 
J: Thank you. 
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Post-Interview  
Name: Juanita 
Major: Apparel Design 
Year: Senior 
Age: 22 
Ethnicity: Hispanic 
 
Michael: First off, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Juanita: Collaborative. 
 
M: Could you explain why? 
 
J: Because if I didn’t know the answer to something, somebody else like knew it, then 
we kind of just bounced ideas off each other.  
 
M: All right, which teaching strategy did you like more?  
 
J: Collaborative, because I have to like really have it explained to me more than just 
seeing it.  
 
M: Can you describe what you learned in the lecture, but not the workshop, and vice 
versa. 
 
J: Lectures, I think I learned more of the overview of it, but within working on it, I 
knew how it worked. And then of course, I would understand how it worked compared 
to just seeing it. So, it kind of, it gives you that whole like people that’s a visual 
learner and like hands-on learner. You kind of get both.  
 
M: OK, so would you say that collaborative learning is a little bit more in-depth? 
 
J: Yeah. 
 
M: So, I noticed you worked really well with your partner. Through teaching others, 
do you feel like you were able to learn more? 
 
J: Yeah, because once I was able to explain it, then it was like, OK, it’s all clicking. 
And then, I really got it.  
 
M: Compared to the start of the term, do you now feel more comfortable doing math?  
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J: I feel, I guess, a little comfortable, but I just would always need like refreshers of 
OK, what did I do in order to get that solved. But now it’s like I’ve done that once, I 
could probably do it again.   
 
M: So, do you now feel more comfortable forming and studying in groups?  
 
J: Yeah. 
 
M: Can you explain why? 
 
J: Just because that’s like what we did the whole time here. We would just work in 
groups every single day.  
 
M: Were you able to build any good working relationships with classmates?  
 
J: Yes. 
 
M: How do you think establishing good relationships has helped you? 
 
J: Because we could just talk to each other and be like, no, no, no, that’s totally wrong. 
And just talk to each other like normal instead of being like awkward because it was 
like, oh, we don’t really know each other. Like I can’t tell you when you’re wrong and 
not wrong [laughs]. 
 
M: Yeah, yeah. So in future classes if you have the same classmates, do you think 
you’ll study with them?  
 
J: Probably, because once you know somebody then you’re more willing to partner 
with them. 
 
M: So, there’s a term called social capital, which basically means the benefits of 
network trusting relationships. Do you think students can increase social capital by 
working with classmates? 
 
J: Yeah, because it’s like, I’ve always been told in the real world it’s not about how 
good you are it’s more about who you know.  
 
M: Yeah, connections are important. 
 
J: Yeah. 
 
M: So, through this math class, do you feel like your social capital has increased?  
 
J: Yeah.   249 
 
M: All right, how do you think that’s happened? 
 
J: Because I talk to a lot of the people in the class. I’m not super quiet, obviously. 
[Laughs]. 
 
M: [Laughs].  All right, do you feel like you’ve learned more math vocabulary?  
 
J: Somewhat. Sometimes it’s just like, oh, you know, that thing over there. 
 
M: What new math term first comes to your mind? 
 
J: Ummm, logs definitely because we’ve been working on those a lot, it’s actually 
really easy. Asymptotes are really hard, I don’t like those very much. 
 
M: And when you talk math with your classmates, do you feel like you’re using those 
new math terms?  
 
J: Sometimes. I’m still very like, you know, that thing in the corner [laughs]. 
 
M: K, and remind me, what’s your major?  
 
J: I’m an Apparel Design major. 
 
M: Do you see a connection between your major and math?  
 
J: A little bit. You have to of course measure things and figure out, but I think it’s just 
more of a basis class. 
 
M: So, your instructor taught a lot using real-world examples, which I’ll refer to as 
application problems. Do you feel like you learned more application problems during 
the lectures or the workshops? 
 
J: Lectures. 
 
M: And, can you explain how learning the application problems have benefitted you? 
 
J: Ummm, I guess for some reason I was going to like the Forestry stuff or whatever 
he talks about at times I guess it would be more relevant to me. But other than that it 
was just like something that’s more relatable to the real-world than just some numbers 
here and there.  
 
M: So, reflecting back on the term, what do you feel were the most helpful qualities of 
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J: That he really like would help a lot if you honestly didn’t understand it. He would 
be there to walk you through it a bunch, and that he didn’t really lecture the whole 
time.  
 
M: And, thinking back on the term, what do you feel is the most useful type of 
function or equation?  
 
J: What is it… y = mx + b. Yeah, because we used it for a lot of things.  
 
M: Did the instructor’s mention of real-world examples help you out? 
 
J: Yeah, because it wasn’t just numbers. 
 
M: Could you expand on that? 
 
J: Because I’m more of like a practical thinker that I need it to be used in some sort of 
way, instead of just like, OK, here’s numbers, figure it out. That doesn’t work for me. 
I have to have it be like, OK, talk to me. Tell me why I need this. 
 
M: So this project entailed a variety of activities – interviews, reflections, studying in 
groups and independently. What do you feel you gained from participating in the 
project? 
 
J: That I when it comes to math, I need to put a lot of effort and time into it. And, I’m 
a definitely a repetitive leaner, that I need to do it multiple times and go through it and 
rewrite it to like understand the process.  
 
M: And specifically, what do you feel you gained from writing the journal reflections? 
 
J: That just like allowed me to be like, oh, OK, this is what I’m learning. Just kind of 
reflect back on what I’ve been doing. I think also just kind of kept me up to date of 
like, OK, I’ve done this, I’ve done that. I need to make sure I get this done.  
 
M: So, on the overall project, what lasting comments do you have? 
 
J: Derron’s a really good teacher. Still math is a hard subject, but it was pretty 
bearable.  
 
M: All right, well thanks. 
 
J: Thanks! 
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Post-Interview  
Name: Rahul 
Major: Electrical Engineering 
Year: Sophomore 
Age: 27 
Ethnicity: Saudi Arabian (International) 
 
Michael: First off, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Rahul: Collaborative.   
 
M: OK, can you explain why?   
 
R: Yeah, because you can work with classmates to discuss problems. And, if there’s 
some misunderstanding of the problem, then we can understand it together.  
 
M: Great, and which teaching strategy do you like more?  
 
R: Collaborative, sure. You can feel more comfortable to ask your classmate more to 
understand the problem. 
 
M: K, so when I observed you all working together, I’ve noticed you regularly taught 
others. Through teaching others, do you feel like you were able to learn more? 
 
R: Yeah, sure. Because maybe sometimes I get the information wrong, and if I ask my 
friend then maybe he another idea he can correct me if I was wrong.  
 
M: All right, and what if you were correct the first time? 
 
R: That means the idea I gave will stick in my head.  
 
M: Yeah, so when doing homework, do you work individually or with other students 
in groups?   
 
R: Usually by myself, but if I have problems, then I work with my classmates.  
 
M: Compared to the start of the summer term, do you now feel more comfortable 
doing math?  
 
R: Yeah, because the way from the instructor would make us feel like we are one 
group and we have to learn from each other and if we miss something we have to ask 
each other. It was like more comfortable, more free to ask. And we could learn 
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M: So, in class the instructor would have students work regularly in groups. Do you 
now feel more comfortable forming and studying in groups?  
 
R: Yeah, as I said, if I misunderstand something, then I can learn it from my 
classmate. 
 
M: So, do you think you were you able to build good working relationships with 
classmates?  
 
R: Yeah, actually it’s one of the way or the method to make relationships with others 
to learn like a group. 
 
M: And how do you think that has benefitted you? 
 
R: Actually, when you start the class, you feel like a child – you don’t want to stay 
with that classmate or other students in the class until the instructor tells you to sit 
with them to discuss with them. And after that you can build relationships with them. 
And we can learn together. 
 
M: So, in the future, if you are in the same classes with your current classmates, do 
you think you’ll study with them?  
 
R: Yeah, sure. We can help each other more. 
 
M: OK, there’s a term, social capital, which basically means the benefits of network 
trusting relationships. Do you think students can increase social capital by working 
with classmates? 
 
R: Yeah, I think that. 
 
M: Do you feel like your personal social capital has increased through this math class?  
 
R: Yeah, I think that. 
 
M: Can you explain how? 
 
R: Yeah, because the instructor encourages students to work in groups. Listening will 
help to build relationships with others. 
 
M: Do you feel like you’ve learned more math vocabulary?  
 
R: Yeah, actually because it’s the first class for me at the university. 
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M: OK, so what’s the first new math term you’ve learned that comes to your mind? 
 
R: Oh, like rational functional, numerator.  
 
M: Do you feel like you’re using these new math terms?  
 
R: Yeah. 
 
M: Remind me again, what is your major?  
 
R: Electrical Engineering. 
 
M: Do you see a connection between your major and math?  
 
R: Yeah. 
 
M: How do you see how someone in your field using College Algebra?  
 
R: In my major, we will use it a lot! Because we will need it to calculate, and to get 
the ratio, to get the current, the voltage, the frequency. Everything depends on math. 
 
M: Yes, so your instructor commonly uses real-world examples, which I’ll refer to as 
application problems, to teach math. Did you learn more about application problems 
during the lectures or workshops?  
 
R: Yeah, those were great. I think I learned more during workshops when we would 
break up into groups. 
 
M: Reflecting back on the term, what do you feel were the most helpful qualities of 
the instructor?  
 
R: I think he has a special method, or a special way for him. He uses it to be more, he 
tried to be like a student, to keep group work and the students feel free to ask him as a 
student, not like a teacher to only give directions to students.  
 
M: So, you felt more comfortable conversing with him? 
 
R: Yeah, definitely.  
 
M: So, thinking back on the term, what do you feel is the most useful type of function 
or equation that you learned? 
 
R: I think a lot. In my major, I think a lot like quadratic functions, and linear, and I 
will use it in my major.   254 
 
M: Did the instructor’s mention of real-world examples help you understand math 
better? 
 
R: Yeah, actually he used a lot of applications and examples in the worksheet to make 
sure we are understanding. 
 
M: OK, so how did that help you? 
 
R: Actually, we learned something and we use it in our life. That means it will stick in 
our mind. 
 
M: OK, so from participating in this research project you performed a variety of 
activities – interviews, surveys, working in groups and independently. What do you 
feel you gained from participating in this research project? 
 
R: Actually, there are some questions in the interviews and reflections that would help 
me to understand it better and to keep in touch with it.  
 
M: So, the interviews and reflections helped you to understand math better?  
 
R: Yeah. And to think of those questions outside of the classroom helped me to think 
of math outside the class. 
 
M: What do you feel you gained from writing those reflections? 
 
R: Actually, to concentrate on some of the ideas in the reflections. When I came to the 
class, and I remember some questions would stick in my mind and start looking for 
that to catch it and to understand what they said.  
 
M: OK, from the overall project, what lasting comments do you have? 
 
R: I think it was a fun class, and we enjoyed it with you also, Mike.  
 
M: Thank you. It was a great class.  
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Post-Interview  
Name: Sara 
Major: Physical Therapy 
Year: Freshman 
Age: 19 
Ethnicity: White  
 
Michael: First off, which teaching strategy, lecture or collaborative, do you feel you 
learned more from?  
 
Sara: I feel I learned more from collaborative just because sometimes what he was 
saying was a little fuzzy, but when you work through it with someone else you found 
easier ways to do it. So, I feel like I learned more from that. 
 
M: OK, so you mentioned you found easier ways to do it. How do you think you did 
that? 
 
S: Just because, like, it’s easier to work through it with somebody when there’s not as 
much pressure. Like they’re in the same boat you are, because I get math shy and 
when I get it wrong I get nervous. But, when you’re working with somebody it’s kind 
of like they’re in the same boat, so you might as well just work through it.  
 
M: Which strategy do you like more?  
 
S: I like collaborative, but I also like, I really like the lectures, when we were working 
in groups and he would like stop and go over problems with everybody at the same 
time, too. So, probably a mix of both.  
 
M: All right. So can you describe what you learned in the lecture but not in the 
workshop, and vice versa? 
 
S: Well, in lecture, you learn basically how to – you learn like the easier part of how to 
do it. And then the workshop, you learn how to do it like more in-depth. Like harder 
problems.  
 
M: So in group work, sometimes we teach our classmates, and sometimes they teach 
us. Were you able to get any chances to teach your classmates? 
 
S: Yeah, sometimes. 
 
M: Through teaching others, do you feel like you were able to learn more? 
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S: Yes, just because like when you are able to teach them then you obviously know it, 
so I felt like I did learn it really well. And that kind of gave me more confidence when 
you’re doing it.  
 
M: So, when doing homework, do you typically work individually or with others?   
 
S: Well, I work with my roommate but that’s just because he’s really good at math. 
So, if I ever have problems, then I usually ask him. But, I usually work by myself.  
 
M: So, compared to the start of the summer term, do you now feel more comfortable 
doing math?  
 
S: Yes, I do. I feel a lot better doing math and I feel like the small classroom really 
helped that.  
 
M: Could you explain how the small classroom atmosphere helped? 
 
S: Oh, just because you get a better chance to like know the people around you and 
know the professor and how he teaches. It’s just a lot easier because you can take your 
time going through stuff versus huge lectures you have to usually rush through things.  
 
M: Do you feel more comfortable forming and studying in groups?  
 
S: Yes, just because you get to know the people with who you are sitting with 
everyday so it’s easier to be like, hey, you wanna come study? 
 
M: Were you able to build good working relationships with classmates?  
 
S: Yes, working in groups really helped build relationships because you can discuss 
problems with each other.  
 
M: OK, how do you think those working relationships has benefitted you? 
 
S: Uh, just because you find different ways to learn and they can help you like get 
through problems and you can help them get through problems. So, it helps you to get 
to understand the concepts more, especially when you can talk it out with someone.  
 
M: Yeah, just bouncing ideas off each other. 
 
S: Yeah.   
 
M: Do you feel like you’ll study with your classmates in the future if you’re in the 
same classes?  
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S: Yeah, because we already know each other.  
 
M: OK, there’s a term, social capital, which basically means the benefits of network 
trusting relationships. Do you think students can increase social capital by working 
with classmates?  
 
S: Yes, just because, I mean, you get to know people and once you get to know people 
everything else it’s kind of easy to build a relationship on something you have in 
common like struggling with math. And then from there, you guys can connect and 
build a better relationship off that.  
 
M: Do you feel like your social capital increased through this math class?  
 
S: A little bit by working with people in the class. 
 
M: OK, so through this class, do you feel like you’ve learned new math vocabulary?  
 
S: Oh yeah, and I always take the definitions in class when he writes them down. 
 
M: Do you feel like you’re using more math terms?  
 
S: I do, yeah. 
 
M: How so?  
 
S: Well, just talking about stuff, I used to be like, the pointed line. But, now I know 
it’s called the asymptote. Like I used to try to describe things in really weird ways 
because I didn’t always know the terms.  
 
M: Cool, I bet that feels good. 
 
S: Yeah! [Laughs]. 
 
M: So, what’s the first new math term you’ve learned that comes to your mind? 
 
S: Ummm, probably asymptote. 
 
M: All right, remind me again, what’s your major?  
 
S: Physical Therapy. 
 
M: Do you see a connection between your major and math?  
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S: Not really. Like I can understand some things when you have to like being a 
physical therapist they know like, you have to calibrate certain tools, and like, figure 
out how body mass will work with certain things and like the certain rotations of 
shoulders and stuff. So, I can see that. But a lot of that I don’t really see as like being 
learned in this class, it’s kind of like something you learn in your major classes.   
 
M: Did you learn more about applications of math, like real-world problems, during 
the lectures or workshops?  
 
S: I think during workshops just because you have it right in front of you and you can 
read through everything and then work with your classmates. But, I do like that he 
does real-world applications in class just because that helps you make a better 
connection to what you are doing.   
 
 
M: Reflecting back on the term, what do you feel were the most helpful qualities of 
the instructor?  
 
S: Well, he is really open and really willing to ask questions and he was kind of fun in 
class. He wasn’t one of those like strict teachers who just stood up there and just 
lectured the whole time. He was kind of like fun to be around and laid back, and I 
think that helped just because you feel more comfortable asking him questions.  
 
M: Thinking back on the term, what do you feel is the most useful type of function or 
equation when it comes to real world application?  
 
S: I feel like we used parts of the quadratic formula a lot and how to find the vertex, 
just because it seems like in almost every problem we have like on the test  
 
M: Did the instructor’s mention of the applications, real-world examples, help you 
understand it better? 
 
S: Yes, just because you can understand how it’s being used instead of having 
somebody just like slapping a formula up there and being like, use this, and you can 
maybe do it with this.  But, when he’s just like, well, this is how you find out how 
much water is in the lake or whatever in the next year. It helps you to understand it 
better. And you can always go back to those examples in your brain later when you’re 
doing math and like a different type of class. And be like, oh, so that’s what he uses it 
for, makes a lot more sense.    
 
M: What do you feel you gained from participating in the project? 
 
S: I feel like I just gained a better understanding of math, like, being able to talk about 
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about learning it. Kind of helped me realize, oh well, I did maybe learn that a little 
better than this.   
 
M: Can you expand a little bit more on what you feel you gained from writing the 
journal reflections? 
 
S: I just feel like it helped me to understand what I did learn and what I didn’t learn 
better, like, there would be a week when I wouldn’t understand something so I picked 
something easy that I learned about and that made me realize maybe I need to study 
this more because I didn’t understand what was going on at class. So, it just helped me 
realize what my strengths and weaknesses were in math.  
 
M: What lasting comments do you have on the overall project? 
 
S: I don’t really have any. 
 
M: All right, well, thank you for your time. 
 
S: Thank you! 
 
 